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SHIFT REGISTER CIRCUIT , DISPLAY circuit with merely thin film transistors including channels 
PANEL , AND ELECTRONIC APPARATUS of the same conductivity type ( with merely NMOS or PMOS 

thin film transistors ) . 
CROSS REFERENCES TO RELATED In this specification , attention will be paid on a shift 

APPLICATIONS 5 register circuit particularly . It is obvious that the shift 
register circuit is a general - purpose circuit incorporated in a 

This application is a Continuation Application of appli wide variety of circuits . Therefore , the shift register circuit 
cation Ser . No. 16 / 176,512 , filed Oct. 31 , 2018 , which is a is not limited to the specific application basically . However , 
Continuation Application of application Ser . No. 15/347 , the following description is based on the premise of appli 
429 , filed Nov. 9 , 2016 now U.S. Pat . No. 10,134,818 , issued 10 cation to a drive circuit for driving a display panel , for convenience . Nov. 20 , 2018 , which is a Continuation application Ser . No. 
14 / 460,617 , filed Mar. 6 , 2015 , now U.S. Pat . No. 9,524,796 , The following description will deal with a related - art 

example of a shift register circuit used for an active - matrix issued Dec. 20 , 2016 , which is a Continuation of application driven organic EL ( electroluminescence ) panel . Ser . No. 14 / 246,810 , filed on Apr. 7 , 2014 , now U.S. Pat . No. FIG . 1 shows a system configuration example of an 
9,001,200 , issued on Apr. 7 , 2015 , which is a Continuation organic EL panel . In an organic EL panel 1 shown in FIG . 
of application Ser . No. 14 / 077,959 , filed on Nov. 12 , 2013 , 1 , a pixel array part 3 , a signal line driver 5 , a first control 
now U.S. Pat . No. 8,730,145 , issued on May 20 , 2014 , line driver 7 , and a second control line driver 9 are disposed 
which is a Continuation of application Ser . No. 13 / 858,570 , on a panel substrate . 
filed on Apr. 8 , 2013 , now U.S. Pat . No. 8,629,828 , issued 20 In the pixel array part 3 , sub - pixels 11 are arranged in a 
on Jan. 14 , 2014 , which is a Divisional application Ser . No. matrix corresponding to the display resolution . FIGS . 2 and 
12 / 379,526 , filed Feb. 24 , 2009 , now U.S. Pat . No. 8,436 , 3 show examples of the equivalent circuit of the sub - pixel 
800 , issued on 7 , 2013 , which claims priority from 11. In both the circuit examples of the sub - pixel 11 shown 
Japanese Application Number 2008-096716 , filed Apr. 3 , in these diagrams , all of thin film transistors are formed of 
2008 , the entire contents of which are incorporated herein by 25 NMOS thin film transistors . 
reference . In the diagrams , N1 denotes a sampling transistor , N2 

denotes a drive transistor , N3 denotes a lighting control 
BACKGROUND OF THE INVENTION transistor , and Cs denotes a hold capacitor . Furthermore , 

WSL , LSL , and PSL denote a write control line , a lighting 
1. Field of the Invention 30 control line , and a current supply line , respectively . 

FIG . 2 corresponds to a circuit configuration in the case 
The invention to be described in this specification relates of employing a drive system that achieves the lighting 

to a shift register circuit formed on an insulating substrate operation and lighting - stop operation of an organic EL 
with thin film transistors including channels of the same element OLED through the on / off - control of the lighting 

35 control transistor N3 . conductivity type . The invention to be described in this On the other hand , FIG . 3 corresponds to a circuit specification has modes as a shift register circuit , a display configuration in the case of employing a drive system that panel , and electronic apparatus . achieves the lighting operation and lighting - stop operation 
of the organic EL element OLED through potential change 2. Description of the Related Art 40 of the lighting control line LSL . In the configuration of FIG . 
3 , the lighting control line LSL functions also as the current A low - temperature poly - silicon ( LTPS ) process allows supply line . 

circuit formation with both an NMOS thin film transistor FIG . 4 shows a timing chart of writing of a signal potential 
( TFT ) and a PMOS thin film transistor . Therefore , it is Vsig ( Data ) to the sub - pixel 11 shown in FIGS . 2 and 3. FIG . 
general to manufacture a circuit ( so - called CMOS circuit ) 45 4A shows the drive waveform of a signal line DTL . The 
with these two kinds of thin film transistors in the low signal potential Vsig dependent on the pixel grayscale Data 
temperature poly - silicon process . is supplied to the signal line DTL . The magnitude of a drive 
However , the manufacturing of the CMOS circuit inevi- current supplied through the drive transistor N2 depends on 

tably involves increase in the number of steps because two the magnitude of the signal potential Vsig . The organic EL 
kinds of thin film transistors are used . This increase in the 50 element OLED is a current - driven element , and larger drive 
number of steps causes the lowering of the productivity and current therefor provides higher luminance thereof . 
increase in the manufacturing cost . FIG . 4B shows the drive waveform of the write control 

Therefore , it is desired that , if possible , a circuit having line WSL . During the period of the H level thereof , the 
the same functions as those of the CMOS circuit is achieved sampling transistor N1 is turned on and the potential of the 
with merely thin film transistors including channels of the 55 signal line DTL is written to the gate electrode of the drive 
same conductivity type ( with merely NMOS or PMOS thin transistor N2 . 
film transistors ) even when the poly - silicon process is used . FIG . 4C shows the drive waveform of the lighting control 

This kind of same - conductivity - type channel circuit can line LSL . The lighting control line LSL is driven with binary 
be applied also to circuit formation with amorphous silicon values of the H level and the L level . By this potential 
or an organic semiconductor . 60 switching , the lighting and lighting - stop of the organic EL 

For example , with amorphous silicon , circuits other than element OLED are switch - controlled . 
ones including merely NMOS thin film transistors may not The sub - pixel 11 shown in FIG . 2 is different from that 
be manufactured . As for the organic TFT , circuits other than shown in FIG . 3 in the control amplitude of the lighting 
ones including merely PMOS thin film transistors may not control line LSL . This is because it is sufficient for the 
be manufactured . 65 lighting control line LSL to be capable of driving the 

Because of this background , it is desired to achieve a lighting control transistor N3 in the circuit of FIG . 2 , 
circuit having the same functions as those of the CMOS whereas it is necessary for the lighting control line LSL to 
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supply the operating voltage of the drive transistor N2 and potential of the signal line DTL is written to the gate 
the organic EL element OLED in the circuit of FIG . 3 . electrode of the drive transistor N2 . 
As shown in FIG . 4 , after the end of the writing of the The first H - level period in FIG . 6 is used to correct signal potential Vsig , the lighting of the organic EL element variation in the threshold voltage Vth of the drive transistor 

OLED is achieved when the lighting control line LSL is at 5 N2 . 
the H level , whereas the lighting of the organic EL element On the other hand , the second H - level period in FIG . 6 is OLED is stopped when the lighting control line LSL is at the used to write the signal potential Vsig dependent on the pixel L level . grayscale and correct variation in the mobility p of the drive The peak luminance level can be controlled by varying transistor N2 . the ratio ( Duty ) of the lighting period to the one - field period . 10 The purpose of the inclination of the falling waveform of The lighting control line LSL ( FIG . 4C ) is used also for the pulse corresponding to the second H - level period is to set adjustment of the moving - image characteristics . For the the optimum mobility correction period for all of the gray adjustment of the moving - image characteristics , it is desired 
to adjust the number of times of lighting in a one e - field period scales from the highest - luminance grayscale ( highest signal 
and the timing of the lighting period . potential ) to the lowest - luminance grayscale ( lowest signal 

Therefore , it is desired for the second control line driver potential ) . 
9 to be capable of outputting plural kinds of pulses . The mobility correction refers to operation for correcting 

In addition , in the case of an active - matrix drive system mobility difference between the drive transistor N2 having 
and a general line - sequential writing system , these pulse higher mobility p and the drive transistor N2 having lower 
waveforms need to be line - sequentially transferred . 20 mobility p , and the correction time thereof is determined 

That is , it is desired for this kind of control line driver to depending on the length of the H - level period of the write 
have the following two functions : the function capable of control line WSL . As this correction period , a longer period 
freely designing the pulse length of the control pulse ; and the is necessary for lower luminance ( lower signal potential ) in 
function capable of line - sequentially transferring the control principle . 
pulse to the next stage . FIG . 6B shows the drive waveform of the signal line DTL . 

In the sub - pixel 11 shown in FIGS . 2 and 3 , for the Two kinds of potentials are applied to the signal line DTL . 
above - described operation of writing the signal potential An offset potential Vofs is used for threshold correction for 
Vsig , threshold correction operation and mobility correction the drive transistor N2 . The signal potential Vsig is the 
operation for the drive transistor N2 are carried out in some potential that provides the pixel grayscale . The magnitude of 
cases . FIG . 5 shows a timing chart of the sub - pixel 11 30 the drive current supplied through the drive transistor N2 
corresponding to FIG . 2. FIG . 6 shows a timing chart of the depends on the magnitude of the signal potential Vsig . The 
sub - pixel 11 corresponding to FIG . 3. The difference organic EL element OLED is a current - driven element , and 
between the sub - pixel 11 shown in FIG . 2 and that shown in larger drive current therefor provides higher luminance 
FIG . 3 is whether or not initialization operation and light- thereof . 
emission period control are separated from each other . FIG . 6C shows the drive waveform of the lighting control 

For the light - emission period control , operation of vary- line LSL . The lighting control line LSL is driven with binary 
ing the ratio ( Duty ) of the light - emission period to the values of the H level and the L level . The first L - level period 
lighting - stop period is desired in order to adjust the peak in FIG . 6 is used to provide an initialization period . The 
luminance . Furthermore , for the light - emission period con- second L - level period in FIG . 6 is used to provide a 
trol , operation of changing the number of times of switching 40 lighting - stop period after the start of light emission . 
between the light - emission period and the lighting - stop The initialization operation is to set the gate - source volt 
period in the one - field period is desired in order to adjust the age Vgs of the drive transistor N2 higher than the threshold 
moving - image displaying characteristics . For these pur- voltage Vth thereof . This operation is necessary before 
poses , the circuit configuration of the second control line execution of the threshold correction . Hereinafter , this 
driver 9 is generally complex . 45 operation will be referred to as the correction preparatory 

Therefore , the circuit configuration of FIG . 2 , in which the operation . 
supply line for the initialization pulse and the supply line for After the correction preparatory operation , the potential of 
the lighting - period control pulse , different in the transfer the lighting control line LSL is switched to the H level , with 
timing of the output pulse , are separately provided , is the offset potential Vofs continuously applied to the gate 
advantageous in simplification of the control interface . 50 electrode of the drive transistor N2 . The operation with this 
However , as shown in FIG . 2 , three control lines are desired : potential relationship is the threshold correction operation . 
the write control line WSL , the lighting control line LSL , Upon the start of the threshold correction operation , the 
and the current supply line PSL . source potential Vs of the drive transistor N2 gradually 

In the following , the control operation of the sub - pixel 11 , increases . The increase in the source potential Vs stops at the 
including the threshold correction operation , the mobility 55 timing when the gate - source voltage Vgs of the drive 
correction operation , and the light - emission period control , transistor N2 reaches the threshold voltage Vth thereof . 
will be described below for the case of the pixel circuit At the end of the writing of the signal potential Vsig , the 
shown in FIG . 3. Therefore , the description will be made light - emission period starts and continues until the next 
with reference to FIG . 6 . writing period . In the light - emission period , the lighting of 
As described above , the control operation used in the 60 the organic EL element OLED is achieved when the lighting 

pixel circuit shown in FIG . 2 is the same as that used in the control line LSL is at the H level , whereas the lighting of the 
pixel circuit shown in FIG . 3 except for the separation of the organic EL element OLED is stopped when the lighting 
initialization operation from the light - emission period con- control line LSL is at the L level . The peak luminance level 
trol . can be controlled by varying the ratio of the lighting period 
FIG . 6A shows the drive waveform of the write control 65 length in the one - field period . 

line WSL . For example , during the period of the H level FIG . 6D shows the potential Vg of the gate electrode of 
thereof , the sampling transistor N1 is turned on and the the drive transistor N2 . FIG . 6E shows the potential Vs of 

35 
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the source electrode of the drive transistor N2 ( the potential On the other hand , a complementary capacitor C2 is 
of the anode of the organic EL element OLED ) . connected between the gate electrode of the thin film tran 
As described above , the pulse lengths of the write control sistor N12 and the power supply VSS . The complementary 

signal ( FIG . 6A ) and the lighting control signal ( FIG . 6C ) capacitor C2 serves as a hold capacitor for the potential of 
need to differ depending on the purpose of the drive a node B equivalent to the control interconnect of the thin opera film transistor N12 . The capacitance of the complementary tion . capacitor C2 depends on the off - leakage amount of the For example , for the former signal , the length of the pulse transistor part and the holding period , and is used if the gate for the threshold correction operation needs to be different capacitance of the thin film transistor N12 is insufficient . from that of the pulse for the signal writing and mobility FIG . 10 shows the potential relationship among the input 
correction operation . For the latter signal , the length of the and output pulses , the node A , and the node B relating to the 
pulse corresponding to the period of the correction prepa- shift stage SR shown in FIG . 9. FIG . 10A shows the 
ratory operation needs to be different from that of the pulse waveform of the drive pulse input to a first input terminal 
for the control of lighting / lighting - stop in the light - emission in1 ( k ) ( the output pulse out ( k - 1 ) of the previous register 
period . stage ) . FIG . 10B shows the waveform of the drive pulse 

Therefore , it is desired for each of the first control line 15 input to a second input terminal in2 ( k ) ( the output pulse 
out ( k + 1 ) of the subsequent register stage ) . driver 7 and the second control line driver 9 to be capable of FIG . 10C shows the waveform of the clock signal ck . FIG . outputting pulses of plural lengths . In addition , in the case of 10D shows the waveform of the potential of the node A ( the an active - matrix drive system and a general line - sequential gate potential of the thin film transistor N11 ) . FIG . 10E 

writing system , these pulse waveforms need to be line- 20 shows the waveform of the potential of the node B ( the gate 
sequentially transferred . That is , it is desired for this kind of potential of the thin film transistor N12 ) . FIG . 10F shows the 
control line driver to have the following two functions : the waveform of the output pulse that appears at the output node 
function capable of freely designing the pulse length of the ‘ out . ' 
control pulse ; and the function capable of line - sequentially As shown in FIG . 10 , the potentials of the node A and the 
transferring the control pulse to the next stage . node B are switched in a complementary manner at each of 
FIG . 7 shows a structure example of a shift register circuit the timing of the rising of the potential of the first input 

that is suitable for use in the control line drive circuit that terminal in1 ( k ) to the H level and the timing of the rising of 
satisfies the above - described drive conditions . The shift the potential of the second input terminal in2 ( k ) to the H 

level . register circuit shown in FIG . 7 has a configuration obtained 
by cascade - connecting 2N shift stages SR ( 1 ) to SR ( 2N ) . In 30 of the logic circuit composed of the thin film transistors N13 This complementary operation is achieved by the function 
this shift register circuit , each shift stage carries out opera to N16 . tion of outputting a clock signal ckl or ck2 input thereto as For example , when the first input terminal in1 ( k ) is at the an output pulse o ( k ) to the control line of this shift stage by H level and the second input terminal in2 ( k ) is at the L level , 
using , as drive pulses , the output pulses o ( k - 1 ) and o ( k + 1 ) the thin film transistors N13 and N16 are in the on - state and 
of other shift stages at the previous and subsequent stages . 35 the thin film transistors N14 and N15 are in the off - state . 
FIG . 8 shows drive pulse waveforms of the shift register When the first input terminal in1 ( k ) is at the L level and the 

circuit . The pulse waveforms of FIG . 8 correspond to the second input terminal in2 ( k ) is at the H level , the thin film 
shift register circuit formed with merely NMOS thin film transistors N14 and N15 are in the on - state and the thin film 
transistors . transistors N13 and N16 are in the off - state . 
FIG . 8A shows a start pulse st for driving the first shift 40 During the period when the node A is at the H level , the 

stage , and FIG . 8B shows an end pulse ‘ end ' for driving the complementary capacitor C1 and the gate capacitor of the 
2N - th shift stage . FIG . 8C shows the clock signal ck1 for the thin film transistor N11 are charged . Thus , if the clock signal 
even - numbered shift stages . ck is switched to the H level and Vdd appears at the output 
FIG . 8D shows the clock signal ck2 for the odd - numbered node out ( k ) in the period during which the node A is at the 

shift stages . FIG . 8E shows the output pulse ol of the first 45 H level , the potential of the node A changes in such a manner 
shift stage SR ( 1 ) . FIG . 8F shows the output pulse o ( k - 1 ) of as to be raised by the potential equal to the voltage charged 
the ( k - 1 ) -th shift stage SR ( k - 1 ) . Similarly , FIGS . 8G to 8I in the complementary capacitor C1 and so on . At this time , 
show the output pulses o of the shift stages corresponding to a voltage equal to or higher than the threshold voltage 

Vth ( N11 ) of the thin film transistor N11 is ensured as the the symbols shown in the diagram . 
FIG . 9 shows an internal circuit example of the k - th shift 50 and thus the waveform having the same amplitude as that of gate - source voltage Vgs thereof due to bootstrap operation , 

stage SR . In the circuit of FIG . 9 , all of the thin film the clock signal ck appears at the output node out ( k ) . transistors included in the shift stage SR are NMOS thin film That is , the shift register circuit shown in FIG . 7 operates 
transistors . The output stage of this shift stage SR is com- to extract the clock signal ck and output it from the output 
posed of NMOS thin film transistors N11 and N12 that are node sequentially from the first register stage . The periods 
connected in series to each other between a power supply 55 indicated by shaded areas in the waveform diagrams of 
VSS and a clock input terminal ck and NMOS thin film FIGS . 10D and 10E correspond to the periods during which 
transistors N13 to N16 that form a logic gate stage . The the nodes A and B are in the floating state . The floating 
connecting midpoint between the thin film transistors N11 period of the node A is indispensable for the bootstrap 
and N12 is connected to an output node ‘ out . ' operation . 
A complementary capacitor C1 is connected between the 60 Examples of documents about the related art include 

gate electrode of the thin film transistor N11 and the output Japanese Patent Laid - open No. 2005-149624 and Japanese 
terminal ‘ out . ' This complementary capacitor C1 is a capaci- Patent Laid - open No. 2006-277789 . 
tor for complementing bootstrap operation , and is used if the 
gate capacitance of the thin film transistor N11 is insuffi SUMMARY OF THE INVENTION 
cient . The complementary capacitor C1 is used also as a hold 65 
capacitor for a node A equivalent to the control interconnect It can be expected that the shift stage SR having the circuit 
of the thin film transistor N11 . configuration shown in FIG . 9 carries out favorable shift 
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operation basically . However , in mounting thereof , the influ- For the shift stage SR having the circuit configuration 
ence of off - leakage and coupling needs to be taken into shown in FIG . 9 , anti - load countermeasures specific to the 
consideration . In particular , the characteristics of the thin connection structure of the shift register circuit are also 
film transistors vary on a production - by - production basis , desired . 
and the variation in the characteristics is found even on the 5 As shown in FIG . 17 , the output pulse of the shift stage 
same substrate . Therefore , it is desired to achieve a shift SR needs to drive not merely the control line corresponding 
register circuit that is capable of highly - reliable drive opera to this shift stage SR ( e.g. the write control line WSL , the 
tion even with this kind of characteristic variation . lighting control line LSL ) but also the first input terminal in1 
Some of the problems that will be involved in the shift of the subsequent shift stage SR and the second input 

stage having the circuit configuration shown in FIG . I will 10 terminal in2 of the previous shift stage SR . 
be exemplified below . FIG . 18 shows drive pulse waveforms of the shift register 

Initially , with use of FIGS . 11 and 12 , the influence of circuit . FIG . 18A shows a clock signal CKA for the odd 
off - leakage currents of the thin film transistors on the numbered shift stages . FIG . 18B shows a clock signal CKB 
holding of the potentials of the nodes A and B will be 15 pulse ST for driving the first shift stage , and FIG . 18D shows for the even - numbered shift stages . FIG . 18C shows a start 
described below . FIGS . 11 and 12 show the state in which an output pulse ol of the first shift stage SR ( 1 ) . FIG . 18E the potential of the node B in the floating state gradually shows an output pulse o2 of the second shift stage SR ( 2 ) . decreases toward the L - level potential ( VSS ) due to the FIG . 18F shows an output pulse oE of the final shift stage 
influence of off - leakage currents that flow through the thin SR ( E ) . FIG . 18G shows an end pulse END for driving the 
film transistors N13 and N15 . 20 final shift stage . 
As shown in FIG . 12E , the potential decrease of the node As above , each shift stage SR is desired to drive both the 

B gradually progresses . If the potential of the node B node B of the previous shift stage and the node A of the 
becomes lower than the threshold voltage Vth ( N14 ) of the subsequent shift stage , in addition to the control line corre 
thin film transistor N14 in this process , the operation state of sponding to this shift stage SR . 
the thin film transistor N14 is switched from the on - state to 25 This characteristic is shown in FIG . 19. FIG . 19 shows the 
the off - state . The switching of the thin film transistor N14 to relationship among the internal potentials of the shift stages 
the off - state precludes the supply of the L - level potential from the first shift stage to the third shift stage . 
( VSS ) to the node A , so that the node A is also shifted to the FIG . 19A shows the clock signal CKA for the odd 
floating state . In FIG . 12D , the floating state of the node A numbered shift stages . FIG . 19B shows the clock signal 
arising due to the leakage currents is indicated by darker 30 CKB for the even - numbered shift stages . 
shaded areas . FIGS . 19C , 19D , and 19E show the waveforms of the 

If the node A becomes the floating state in this manner , the potential of the node A , the potential of the node B , and the 
following phenomenon occurs . Specifically , as shown in output pulse , respectively , of the first shift stage . FIGS . 19F , 
FIG . 13 , the clock signal ck that should not be used for this 19G , and 19H show the waveforms of the potential of the 

35 node A , the potential of the node B , and the output pulse , shift stage comes in the node A through the diffusion respectively , of the second shift stage . capacitance ( coupling capacitance ) of the transistor N11 , FIGS . 191 , 197 , and 19K show the waveforms of the and fluctuates the potential of the node A toward the H level . potential of the node A , the potential of the node B , and the This phenomenon will be described below with reference to output pulse , respectively , of the third shift stage . 
FIG . 14. FIGS . 14A to 14F correspond to FIGS . 12A to 12F , As shown by the arrowheads in FIG . 19 , the output pulse 
respectively . of the second shift stage ( FIG . 19H ) is used to charge the 

In the period during which the node A is in the floating node B of the first shift stage and the node A of the third shift 
state , pulse - like potential fluctuations occur at the node A as stage to the H level . 
shown by the arrowheads of FIG . 14D . If the amount of this Specifically , the output pulse is used to charge the inter 
potential change of the node A is even slightly larger than the 45 connect capacitors of the nodes A and B. Therefore , the 
threshold voltage Vth ( N11 ) of the thin film transistor N11 , clock signal CK is desired to have such drive ability as to 
the thin film transistor N11 is turned on . That is , erroneous drive this high load capacitance . Specifically , it is desired to 
operation occurs . As a result , as shown in FIG . 14F , a false increase the size of the buffer circuit that supplies the clock 
pulse waveform appears at the output node ‘ out in a period signal . 
different from the period of the clock signal ck that should However , the enhancement in the drive ability causes 
be output originally . This false pulse waveform possibly increase in the power consumption and narrowing of the 

drive margin at high frequencies . causes erroneous transferring in the shift register circuit . 
The change in the node potential due to off - leakage will As described above , the technical problems that should be 

solved still remain in the shift stage that has been proposed occur also at the node A. FIGS . 15 and 16 show the state in 55 as the related art . which the potential of the node A in the floating state is To address the problems , the present inventors propose a lowered toward the L - level potential VSS due to the influ shift register circuit having a shift stage that allows elimi ence of off - leakage currents that flow through the thin film nation of at least one of these technical problems . transistors N14 and N16 . 
As shown in FIG . 16D , the occurrence of this kind of ( A ) Shift Register Circuit 

off - leakage precludes the bootstrap operation of the node A. 
This results in insufficiency in the gate voltage of the thin ( A - 1 ) First Solution 
film transistor N11 , and hence a problem that the output The present inventors propose to employ the following 
pulse having the maximum amplitude may not be obtained structures for each of shift stages that are cascade - connected 
as shown in FIG . 16F . The waveforms shown in FIGS . 16A 65 in a shift register circuit formed on an insulating substrate 
to 16F correspond to those shown in FIGS . 12A to 12F , with thin film transistors having channels of the same 
respectively . conductivity type . 
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( a ) a first thin film transistor configured to have one main stages , if the following connection forms ( a ) to ( c ) are 
electrode connected to a clock input terminal and the other employed for the shift register circuit according to the first 
main electrode connected to an output terminal ; solution . 
( b ) a second thin film transistor configured to have one main ( a ) for each of the shift stages included in the shift register 
electrode connected to the output terminal and the other 5 circuit except for the first shift stage and the final shift stage , 
main electrode connected to a first power supply ; the output terminal of the previous shift stage is connected 
( c ) a 3 ( 1 ) -th thin film transistor configured to have one main to the first input terminal and the output terminal of the 
electrode connected to the first power supply and the other subsequent shift stage is connected to the second input 

terminal . main electrode connected to the control interconnect of the 
second thin film transistor ; 10 ( b ) the start pulse is input to the first input terminal of the 

first shift stage . ( d ) a 3 ( 2 ) -th thin film transistor configured to have one main ( c ) the end pulse is input to the second input terminal of the electrode connected to the first power supply , the other main final shift stage . electrode connected to the control interconnect of the second In this manner , this solution achieves a decrease in the 
thin film transistor , and a control electrode connected to the 15 amplitude of the start pulse and the end pulse by utilizing the 
control interconnect of the first thin film transistor ; bootstrap operation of the shift stage . The decrease in the 
( e ) a 4 ( 1 ) -th thin film transistor configured to have one main amplitude of the drive pulses allows reduction in the power 
electrode connected to the first power supply and the other consumption . 
main electrode connected to the control interconnect of the ( A - 3 ) Third Solution 
first thin film transistor ; The present inventors propose a structure in which control 
( f ) a 4 ( 2 ) -th thin film transistor configured to have one main electrodes are formed on both the sides of a channel layer in 
electrode connected to the first power supply , the other main the first thin film transistor in the shift register circuit 
electrode connected to the control interconnect of the first according to the second solution . 
thin film transistor , and a control electrode connected to the In this structure , the gate capacitance of the first thin film 
control interconnect of the second thin film transistor ; 25 transistor is increased , which can enhance the bootstrap 
( g ) a fifth thin film transistor configured to have one main gain . This allows a corresponding further decrease in the 
electrode connected to a second power supply , the other amplitude of the start pulse and the end pulse . 
main electrode connected to the control interconnect of the ( A - 4 ) Fourth Solution 
second thin film transistor , and a control electrode connected Furthermore , the present inventors propose a structure in 
to the control interconnect of the 4 ( 1 ) -th thin film transistor 30 which W / L ( W denotes the channel width and L denotes the 
and a second input terminal ; and channel length ) of the fifth thin film transistor is equal to or 

larger than W / L of the 3 ( 1 ) -th and 3 ( 2 ) -th thin film transis ( h ) a sixth thin film transistor configured to have one main tors in the shift register circuit according to the above electrode connected to the second power supply , the other described solution . 
main electrode connected to the control interconnect of the In this structure , the off - leakage amount of the fifth thin first thin film transistor , and a control electrode connected to film transistor is relatively larger than that of the 3 ( 1 ) -th and the control interconnect of the 3 ( 1 ) -th thin film transistor and 3 ( 2 ) -th thin film transistors . The fifth thin film transistor is 
a first input terminal . connected to the second power supply , which supplies the 

In the shift stage according to this solution , drive signals same potential as the potential that should be held . Thus , 
are coupled to merely the control terminal of the 3 ( 1 ) -th thin 40 potential change of the control interconnect , which causes 
film transistor , the control terminal of the 4 ( 1 ) -th thin film erroneous operation , can be minimized even when charac 
transistor , the control terminal of the fifth thin film transistor , teristic variation remains . 
and the control terminal of the sixth thin film transistor . That ( A - 5 ) Fifth Solution 
is , it is sufficient for the drive signals to have an ability to In another structure proposed by the present inventors , in 
drive the load capacitors of the control terminals . Because 45 the shift register circuit according to the above - described 
the capacitance of the load capacitors that should be driven solution , the control electrode is formed on merely one side 
is low , a shift register circuit that allows high - frequency of a channel layer in the fifth thin film transistor . On the 
driving and reduction in the power consumption simultane- other hand , control electrodes are formed on both the sides 
ously can be achieved . of a channel layer in each of the 3 ( 1 ) -th and 3 ( 2 ) -th thin film 

Furthermore , in the shift stage according to this solution , 50 transistors . 
the 3 ( 1 ) -th thin film transistor and the 4 ( 1 ) -th thin film In this structure , the off - leakage amount of the fifth thin 
transistor act to promote switching of the control potentials film transistor is relatively larger than that of the 3 ( 1 ) -th and 
of the first thin film transistor and the second thin film 3 ( 2 ) -th thin film transistors . The fifth thin film transistor is 
transistor . connected to the second power supply , which supplies the 

In addition , in the shift stage according to this solution , 55 same potential as the potential that should be held . Thus , 
the 3 ( 2 ) -th thin film transistor and the 4 ( 2 ) -th thin film potential change of the control interconnect , which causes 
transistor act to hold the control potentials of the first thin erroneous operation , can be minimized even when charac 
film transistor and the second thin film transistor . teristic variation remains . 

These operations are effective for prevention of leakage in ( A - 6 ) Sixth Solution 
a bootstrap period and reduction in through - current . The 60 In another structure proposed by the present inventors , in 
reduction in through - current is effective also for achieve- the shift register circuit according to the above - described 
ment of high - frequency driving and lower power consump- solution , the source - shield length of the fifth thin film 
tion . transistor is smaller than that of the 3 ( 1 ) -th and 3 ( 2 ) -th thin 
( A - 2 ) Second Solution film transistors . 

The present inventors propose to set the signal amplitude 65 In this structure , the off - leakage amount of the fifth thin 
of a start pulse and an end pulse smaller than that of a clock film transistor is relatively larger than that of the 3 ( 1 ) -th and 
signal output from the output terminal of each of the shift 3 ( 2 ) -th thin film transistors . The fifth thin film transistor is 
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connected to the second power supply , which supplies the electrode connected to the control interconnect of the first 
same potential as the potential that should be held . Thus , thin film transistor , and a control electrode connected to a 
potential change of the control interconnect , which causes second input terminal ; 
erroneous operation , can be minimized even when charac- ( f ) a 4 ( 2 ) -th thin film transistor configured to have one main 
teristic variation remains . 5 electrode connected to the first power supply , the other main 
( A - 7 ) Seventh Solution electrode connected to the control interconnect of the first 

In another structure proposed by the present inventors , in thin film transistor , and a control electrode connected to the 
the shift register circuit according to the above - described control interconnect of the second thin film transistor ; 
solution , the length of a lightly doped drain ( LDD ) region of ( g ) a fifth thin film transistor configured to have one main 
the fifth thin film transistor is smaller than the length of an electrode connected to the second power supply and the 
LDD region of the 3 ( 1 ) -th and 3 ( 2 ) -th thin film transistors . other main electrode connected to the control interconnect of 

In this structure , the off - leakage amount of the fifth thin the second thin film transistor ; 
film transistor is relatively larger than that of the 3 ( 1 ) -th and ( h ) a sixth thin film transistor configured to have one main 
3 ( 2 ) -th thin film transistors . The fifth thin film transistor is electrode connected to the second power supply and the 
connected to the second power supply , which supplies the other main electrode connected to the control interconnect of 
same potential as the potential that should be held . Thus , the first thin film transistor ; 
potential change of the control interconnect , which causes ( i ) a seventh thin film transistor configured to have one main 
erroneous operation , can be minimized even when charac- electrode connected to the control interconnect of the fifth 
teristic variation remains . 20 thin film transistor , the other main electrode connected to the 
( A - 8 ) Eighth Solution second input terminal , and a control electrode connected to 

Furthermore , the present inventors propose to employ the the second power supply ; and 
following connection forms ( a ) and ( b ) for the shift register ( ) an eighth thin film transistor configured to have one main 
circuit according to the first solution . electrode connected to the control interconnect of the sixth 
( a ) a start pulse is input to the first input terminal of the first 25 thin film transistor , the other main electrode connected to the 
shift stage of the shift stages , and the first input terminal of first input terminal , and a control electrode connected to the 
each of the shift stages except the first shift stage is con second power supply . 
nected to the output terminal of the previous shift stage . In the shift stage according to this solution , the control 

electrodes of the first and second thin film transistors can be ( b ) two kinds of clock signals having phases adjacent to each other , of three kinds of clock signals having phases different 30 rapidly charged due to the bootstrap operation of the control 
electrodes of the fifth and sixth thin film transistors . This from each other , are supplied to the clock input terminal and makes it possible to enhance the drive frequency . the second input terminal of each of the shift stages in such Furthermore , the start potentials in the bootstrap operation a way that the phase combination of these two kinds of clock of the first and second thin film transistors can be set higher signals is cyclically shifted on a stage - by - stage basis . 35 than those in the first solution in the case of an NMOS - type The shift register circuit according to this solution oper shift stage , and can be set lower than those in the first 

ates based on three kinds of clocks . In this case , the solution in the case of a PMOS - type shift stage . Thus , the interconnects among the shift stages can be simplified . necessary bootstrap amount can be decreased . This allows 
Furthermore , because the drive pulse is periodically input to reduction in the capacitance of the capacitor for comple 
the second input terminal , the period during which the 40 menting bootstrap operation and is effective for decreasing 
control potential of the second thin film transistor is in the the layout area . 
floating state can be shortened . This is effective for enhance ( A - 10 ) Tenth Solution 
ment in the operation reliability . Furthermore , the present inventors propose to employ the 
( A - 9 ) Ninth Solution following structures for each of shift stages that are cascade 

Furthermore , the present inventors propose to employ the 45 connected in a shift register circuit formed on an insulating 
following structures for each of shift stages that are cascade- substrate with thin film transistors having channels of the 
connected in a shift register circuit formed on an insulating same conductivity type . 
substrate with thin film transistors having channels of the ( a ) a first thin film transistor configured to have one main 
same conductivity type . electrode connected to a clock input terminal and the other 
( a ) a first thin film transistor configured to have one main 50 main electrode connected to an output terminal ; 
electrode connected to a clock input terminal and the other ( b ) a second thin film transistor configured to have one main 
main electrode connected to an output terminal ; electrode connected to the output terminal and the other 
( b ) a second thin film transistor configured to have one main main electrode connected to a first power supply ; 
electrode connected to the output terminal and the other ( c ) a third thin film transistor configured to have one main 
main electrode connected to a first power supply ; 55 electrode connected to the first power supply and the other 
( c ) a 3 ( 1 ) -th thin film transistor configured to have one main main electrode connected to the control interconnect of the 
electrode connected to the first power supply , the other main second thin film transistor , 
electrode connected to the control interconnect of the second ( d ) a fourth thin film transistor configured to have one main 
thin film transistor , and a control electrode connected to a electrode connected to the first power supply , the other main 
first input terminal ; 60 electrode connected to the control interconnect of the first 
( d ) a 3 ( 2 ) -th thin film transistor configured to have one main thin film transistor , and a control electrode connected to the 
electrode connected to the first power supply , the other main control interconnect of the second thin film transistor ; 
electrode connected to the control interconnect of the second ( e ) a fifth thin film transistor configured to have one main 
thin film transistor , and a control electrode connected to the electrode connected to the second power supply , the other 
control interconnect of the first thin film transistor , 65 main electrode connected to the control interconnect of the 
( e ) a 4 ( 1 ) -th thin film transistor configured to have one main second thin film transistor , and a control electrode connected 
electrode connected to the first power supply , the other main to a second input terminal ; and 
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( f ) a sixth thin film transistor configured to have one main solutions are incorporated in a display panel as at least a part 
electrode connected to the second power supply , the other of a drive circuit included in the display panel . 
main electrode connected to the control interconnect of the In addition , the present inventors propose electronic appa 
first thin film transistor , and a control electrode connected to ratus including a display panel having this kind of drive 
the control interconnect of the third thin film transistor and 5 circuit . The electronic apparatus includes the display panel , 
a first input terminal . a system controller that controls the operation of the entire 

In the shift stage according to this solution , drive signals system , and an operation input unit that accepts an operation are coupled to merely the control terminal of the third thin input to the system controller . film transistor , the control terminal of the fifth thin film 
transistor , and the control terminal of the sixth thin film 10 film transistors with channels of the same conductivity type The above - described shift register circuits based on thin 
transistor . That is , it is sufficient for the drive signals to have are less susceptible to the influence of characteristic varia an ability to drive the load capacitors of the control termi 
nals . Because the capacitance of the load capacitors that tion due to manufacturing variation and allow higher - speed 
should be driven is low , a shift register circuit that allows operation and lower power consumption compared with the 

related - art circuit . high - frequency driving and reduction in the power con- 15 
sumption simultaneously can be achieved . 

BRIEF DESCRIPTION OF THE DRAWINGS ( A - 11 ) Eleventh Solution 
Furthermore , the present inventors propose to employ the 

following structures for each of shift stages that are cascade FIG . 1 is a diagram showing a system configuration 
connected in a shift register circuit formed on an insulating 20 example of an organic EL panel ; 
substrate with thin film transistors having channels of the FIG . 2 is a diagram showing an equivalent circuit of a 
same conductivity type . sub - pixel ( NMOS type ) ; 
( a ) a first thin film transistor configured to have one main FIG . 3 is a diagram showing an equivalent circuit of the 
electrode connected to a clock input terminal and the other sub - pixel ( NMOS type ) ; 
main electrode connected to an output terminal ; FIGS . 4A , 4B , and 4C are diagrams for explaining drive 
( b ) a second thin film transistor configured to have one main timings of the sub - pixel ; 
electrode connected to the output terminal and the other FIGS . 5A , 5B , 5C , 5D , 5E , and 5F are diagrams showing 
main electrode connected to a first power supply ; drive waveforms corresponding to FIG . 2 ; 
( c ) a third thin film transistor configured to have one main FIGS . 6A , 6B , 6C , 6D , and 6E are diagrams showing 
electrode connected to the first power supply , the other main 30 drive waveforms corresponding to FIG . 3 ; 
electrode connected to the control interconnect of the second FIG . 7 is a diagram showing a circuit example of a shift 
thin film transistor , and a control electrode connected to the register circuit ( scanner ) ; 
control interconnect of the first thin film transistor ; FIGS . A , 8B , 8C , 8D , 8E , 8F , 8G , 8H , and 81 are 
( d ) a fourth thin film transistor configured to have one main diagrams showing drive waveforms of the shift register 
electrode connected to the first power supply , the other main 35 circuit ( scanner ) ( NMOS type ) ; 
electrode connected to the control interconnect of the first FIG.9 is a diagram for explaining the internal structure of 
thin film transistor , and a control electrode connected to the a shift stage with a bootstrap function ; 
control interconnect of the second thin film transistor ; FIGS . 10A , 10B , 10C , 10D , 10E , and 10F are diagrams 
( e ) a fifth thin film transistor configured to have one main for explaining drive waveforms in the shift stage ; 
electrode connected to the second power supply , the other 40 FIG . 11 is a diagram for explaining off - leakage paths ; 
main electrode connected to the control interconnect of the FIGS . 12A , 12B , 12C , 12D , 12E , and 12F are diagrams 
second thin film transistor , and a control electrode connected for explaining the influence of the off - leakage on the poten 
to a second input terminal ; and tial held by a node B ; 
( f ) a sixth thin film transistor configured to have one main FIG . 13 is a diagram for explaining off - leakage paths and 
electrode connected to the second power supply , the other 45 a coupling path ; 
main electrode connected to the control interconnect of the FIGS . 14A , 14B , 14C , 14D , 14E , and 14F are diagrams 
first thin film transistor , and a control electrode connected to for explaining the influence of the coupling on the potential 
a first input terminal . held by a node ; 

In the shift stage according to this solution , drive signals FIG . 15 is a diagram for explaining other off - leakage 
are coupled to merely the control terminal of the fifth thin 50 paths ; 
film transistor and the control terminal of the sixth thin film FIGS . 16A , 16B , 16C , 16D , 16E , and 16F are diagrams 
transistor . That is , it is sufficient for the drive signals to have for explaining the influence of the off - leakage on the boot 
an ability to drive the load capacitors of the control termi- strap operation of a node A ; 
nals . Because the capacitance of the load capacitors that FIG . 17 is a diagram showing a circuit example of the 
should be driven is low , a shift register circuit that allows 55 shift register circuit ( scanner ) ; 
high - frequency driving and reduction in the power con- FIGS . 18A , 18B , 18C , 18D , 18E , 18F , and 18G are 
sumption simultaneously can be achieved . diagrams showing drive waveforms of the shift register 

In addition , in the shift stage according to this solution , circuit ( scanner ) ( NMOS type ) ; 
the third thin film transistor and the fourth thin film transistor FIGS . 19A , 19B , 19C , 19D , 19E , 19F , 196 , 19H , 191 , 197 , 
act to hold the potentials of the control interconnects of the 60 and 19K are diagrams for explaining the drive load of a shift 
first thin film transistor and the second thin film transistor . stage ; 
This operation is effective for prevention of leakage in a FIG . 20 is a diagram showing a system configuration 
bootstrap period and can enhance the stability of the opera- example of an organic EL panel according to a form 
tion . example ; 
( A - 12 ) Twelfth Solution FIG . 21 is a diagram showing one example of the con 
Moreover , the present inventors propose that the respec- nection form of a shift register circuit according to the form 

tive shift register circuits according to the above - described example ; 

65 
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FIG . 22 is a diagram showing a form example of a shift FIGS . 51A , 51B , 51C , 510 , 51E , 51F , and 516 are 
stage ( NMOS type ) ; diagrams showing drive waveforms of a shift register circuit 
FIGS . 23A , 23B , 23C , 23D , 23E , and 23F are diagrams employing the shift stage shown in FIG . 48 ; 

showing drive waveforms of the shift stage shown in FIG . FIG . 52 is a diagram showing a form example of a shift 
5 stage ( PMOS type ) ; 

FIG . 24 is a diagram showing an equivalent circuit of a FIGS . 53A , 53B , and 53C are diagrams showing the 
sub - pixel ( PMOS type ) ; relationship between the gate structure and the gate capaci 
FIG . 25 is a diagram showing an equivalent circuit of the tance of a thin film transistor ; 

sub - pixel ( PMOS type ) ; FIG . 54 is a diagram showing a form example of a shift 
FIGS . 26A , 26B , and 26C are diagrams showing drive 10 stage ( NMOS type ) ; 

FIGS . 55A and 55B are diagrams for explaining the waveforms of the shift register circuit ( scanner ) ( PMOS relationship between the gate structure and current of a thin type ) ; film transistor ; FIG . 27 is a diagram showing a form example of a shift FIG . 56 is a diagram showing a form example of a shift stage ( PMOS type ) ; 15 stage ( PMOS type ) ; FIGS . 28A , 28B , 28C , 28D , 28E , and 28F are diagrams FIG . 57 is a diagram showing one example of the con showing drive waveforms of the shift stage shown in FIG . nection form of a shift register circuit according to a form 
example ; 

FIG . 29 is a diagram for explaining the influence of FIGS . 58A , 58B , 58C , 58D , 58E , 58F , and 58G are 
off - leakage ; 20 diagrams showing drive waveforms of the shift register 

FIG . 30 is a diagram showing a form example of a shift circuit shown in FIG . 57 ( NMOS type ) ; 
stage ( NMOS type ) ; FIGS . 59A , 59B , 59C , 59D , 59E , and 59F are diagrams 
FIGS . 31A , 31B , 31C , 31D , 31E , and 31F are diagrams showing drive waveforms of a shift stage when the connec 

showing drive waveforms of the shift stage shown in FIG . tion form shown in FIG . 57 is employed ( NMOS type ) ; 
FIGS . 60A , 60B , 60C , 60D , 60E , 60F , and 60G are 

FIG . 32 is a diagram showing a form example of a shift diagrams showing drive waveforms of the shift register 
stage ( PMOS type ) ; circuit shown in FIG . 57 ( PMOS type ) ; 
FIG . 33 is a diagram showing a form example of a shift FIGS . 61A , 61B , 61C , 610 , 61E , and 61F are diagrams 

stage ( NMOS type ) ; showing drive waveforms of a shift stage when the connec 
FIGS . 34A , 34B , 34C , 34D , 34E , and 34F are diagrams 30 tion form shown in FIG . 57 is employed ( PMOS type ) ; 

showing drive waveforms of the shift stage shown in FIG . FIG . 62 is a diagram showing a circuit example of the 
33 ; shift stage according to the form example ( NMOS type ) ; 
FIG . 35 is a diagram showing a form example of a shift FIGS . 63A , 63B , 63C , 63D , 63E , and 63F are diagrams 

stage ( PMOS type ) ; showing drive waveforms of the shift stage shown in FIG . 
FIG . 36 is a diagram for explaining the influence of 35 62 ; 

off - leakage ; FIG . 64 is a diagram showing an equivalent circuit when 
FIG . 37 is a diagram showing a form example of a shift the thin film transistor connected to first and second input 

stage ( NMOS type ) ; terminals is turned on ; 
FIG . 38 is a diagram showing a form example of a shift FIG . 65 is a diagram for explaining change in a node 

stage ( PMOS type ) ; 40 potential in driving with the equivalent circuit shown in FIG . 
FIGS . 39A , 39B , and 39C are diagrams for explaining the 

gate structures of thin film transistors ; FIG . 66 is a diagram for explaining an operation principle ; 
FIGS . 40A and 40B are diagrams for explaining the FIG . 67 is a diagram showing a circuit example of a shift 

relationship between the gate structure and off - leakage ; stage according to a form example ( NMOS type ) ; 
FIG . 41 is a diagram showing a form example of a shift 45 FIGS . 68 A , 68B , 68C , 68D , 68E , 68F , 68G , and 68H are 

stage ( NMOS type ) ; diagrams showing drive waveforms of the shift stage shown 
FIG . 42 is a diagram showing a form example of a shift in FIG . 67 ; 

stage ( PMOS type ) ; FIGS . 69A and 69B are diagrams showing an equivalent 
FIGS . 43A and 43B are diagrams for explaining the circuit when the thin film transistor connected to first and 

relationship between the source - shield length and off - leak- 50 second input terminals in the shift stage of FIG . 67 is turned 
age ( NMOS type ) ; on ; 

FIGS . 44A and 44B are diagrams for explaining the FIG . 70 is a diagram for explaining change in a node 
relationship between the source - shield length and off - leak- potential in driving with the equivalent circuit shown in FIG . 
age ( PMOS type ) ; 
FIG . 45 is a diagram showing a form example of a shift 55 FIG . 71 is a diagram showing a circuit example of a shift 

stage ( NMOS type ) ; stage according to a form example ( PMOS type ) ; 
FIG . 46 is a diagram showing a form example of a shift FIGS . 72A , 72B , 72C , 72D , 72E , 72F , 72G , and 72H are 

stage ( PMOS type ) ; diagrams showing drive waveforms of the shift stage shown 
FIG . 47 is a diagram showing a form example of a shift in FIG . 71 ; 

stage ( NMOS type ) ; FIG . 73 is a diagram showing an appearance configura 
FIG . 48 is a diagram showing a form example of a shift tion example of a display panel ; 

stage ( NMOS type ) ; FIG . 74 is a diagram showing a functional configuration 
FIGS . 49A , 49B , 49C , 49D , 49E , and 49F are diagrams example of electronic apparatus ; 

showing drive waveforms of the shift stage shown in FIG . FIG . 75 is a diagram showing a commercial product 
65 example of the electronic apparatus ; 

FIG . 50 is a diagram showing the potential relationship FIGS . 76A and 76B are diagrams showing a commercial 
necessary for bootstrap operation ; product example of the electronic apparatus ; 

64 

69 ; 

60 

48 ; 
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FIG . 77 is a diagram showing a commercial product Initially , the configuration of the output stage will be 
example of the electronic apparatus ; described below . The output stage is composed of the thin 
FIGS . 78A and 78B are diagrams showing a commercial film transistors N21 and N22 that are connected in series to 

product example of the electronic apparatus ; and each other between a first power supply ( lower potential 
FIG . 79 is a diagram showing a commercial product 5 VSS ) and a clock input terminal CK . The connecting mid 

example of the electronic apparatus . point between the thin film transistors N21 and N22 serves 
as an output node OUT . 

DETAILED DESCRIPTION OF THE To the clock input terminal CK , the clock signal ckl or 
PREFERRED EMBODIMENTS ck2 of FIG . 21 is supplied depending on the position of the 

10 shift stage . The potential of the clock signal is either the 
The following description will deal with an example in lower potential VSS or a higher potential Vdd . 

which an embodiment of the present invention proposed by In this form example , a complementary capacitor C1 is 
this specification is applied to a drive circuit in an active connected between the gate electrode of the thin film tran 

sistor N21 and the output node OUT . This complementary matrix driven display panel . Well - known or publicly - known techniques in the related- 15 capacitor C1 is a capacitor for complementing bootstrap operation , and is used if the gate capacitance of the thin film art technical field are applied to part that is not particularly transistor N21 is insufficient . The complementary capacitor illustrated or described in the present specification . C1 is used also as a hold capacitor for a node A. It should be noted that the form examples to be described On the other hand , a complementary capacitor C2 is 
below is merely one embodiment example of the present 20 connected between the gate electrode of the thin film tran 
invention and the present invention is not limited thereto . sistor N22 and the first power supply ( VSS ) . The comple 
( A ) System Configuration of Display Panel mentary capacitor C2 is a hold capacitor for the potential of 
The following form example relates to an organic EL a node B. The capacitance of the complementary capacitor 

panel . FIG . 20 shows a system configuration example of an C2 depends on the off - leakage amount of the thin film 
organic EL panel according to the form example . The same 25 transistor N22 and the potential holding period , and is used 
parts in FIG . 20 as those in FIG . 1 are given the same if the gate capacitance of the thin film transistor N22 is 
numerals and symbols . insufficient . 
An organic EL panel 21 according to the form example Next , the configuration of the logic gate stage will be 

includes a pixel array part 3 , a signal line driver 5 , a first described below . The logic gate stage is composed of the 
control line driver 23 , and a second control line driver 25 on 30 thin film transistors N23 to N26 . 
a panel substrate . For the thin film transistor N23 , one main electrode 
A shift register circuit that transfers a drive pulse in the thereof is connected to the first power supply ( lower poten 

vertical direction of the display panel is used for the first and tial VSS ) , and the other main electrode thereof is connected 
second control line drivers 23 and 25 according to the form to the control interconnect of the thin film transistor N22 ( i.e. 
example . FIG . 21 shows the basic circuit configuration of 35 to the node B ) . 
the shift register circuit used for the control line drivers . The gate electrode of the thin film transistor N23 is 

In this shift register circuit , each shift stage operates to connected also to a first input terminal inl . This connection 
extract a clock signal ckl or ck2 input thereto at a prede allows the thin film transistor N23 to carry out operation of 
termined timing by use of the output pulses of the previous supplying the lower potential VSS to the node B during the 
and subsequent shift stages as drive pulses . In the case of the 40 period when the first input terminal inl is at the H level . 
shift register circuit shown in FIG . 21 , input of a start pulse For the thin film transistor N24 , one main electrode 
st to the first shift stage and input of an end pulse ‘ end ' to thereof is connected to the first power supply ( lower poten 
the final shift stage are necessary . tial VSS ) , and the other main electrode thereof is connected 

to the control interconnect of the thin film transistor N21 ( i.e. 
( B ) Configuration Example of Shift Register Circuit 45 to the node A ) . The gate electrode of the thin film transistor 

N24 is connected to the control interconnect of the thin film 
The following description will deal with two cases : the transistor N22 ( i.e. to the node B ) . This connection allows 

case in which the shift register circuit proposed by the the thin film transistor N24 to carry out operation of sup 
present inventors is formed with merely NMOS thin film plying the lower potential VSS to the node A during the 
transistors ; and the case in which it is formed with merely 50 period when the node B is at the H level . 
PMOS thin film transistors . The connection relationship For the thin film transistor N25 , one main electrode 
among the respective thin film transistors is the same thereof is connected to a second power supply ( higher 
between these two cases , irrespective of the difference in the potential Vdd ) , and the other main electrode thereof is 
conductivity type of the semiconductor serving as the chan- connected to the control interconnect of the thin film tran 
nel . However , the potential relationship of the drive wave- 55 sistor N22 ( i.e. to the node B ) . The gate electrode of the thin 
forms and the input / output waveforms is reversed between film transistor N25 is connected to a second input terminal 
these two cases . in2 . This connection allows the thin film transistor N25 to 
( B - 1 ) First Form Example of Shift Stage carry out operation of supplying the higher potential Vdd to 
( a ) NMOS Type the node B during the period when the second input terminal 
FIG . 22 shows a first form example of the shift stage 60 in2 is at the H level . 

included in the shift register circuit . FIG . 23 shows the For the thin film transistor N26 , one main electrode 
corresponding drive waveforms . thereof is connected to the second power supply ( higher 

The shift stage shown in FIG . 22 is composed of an output potential Vdd ) , and the other main electrode thereof is 
stage including thin film transistors N21 and N22 and a logic connected to the control interconnect of the thin film tran 
gate stage including thin film transistors N23 to N26 . This 65 sistor N21 ( i.e. to the node A ) . The gate electrode of the thin 
form example is defined by the logic gate stage , which film transistor N26 is connected to the gate electrode of the 
drives the output stage . thin film transistor N23 and the first input terminal in1 . This 
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connection allows the thin film transistor N26 to carry out interchanging the H level and the L level of the write control 
operation of supplying the higher potential Vdd to the node line WSL and the lighting control line LSL in FIG . 4 . 
A during the period when the first input terminal inl is at the Thus , the configuration of the shift stage included in the 
H level . PMOS - type shift register circuit has the connection relation 
FIG . 23 shows the drive waveforms of the shift stage 5 ship shown in FIG . 27 . 

according to this form example . FIG . 23A shows the input The connection relationship among the respective thin 
waveform of the first input terminal in1 . FIG . 23B shows the film transistors P21 to P26 is the same as that in the 
input waveform of the second input terminal in2 . FIG . 23C configuration of the NMOS - type shift stage shown in FIG . 

22 . shows the input waveform of the clock signal ck . FIG . 23D The differences therebetween are that the higher potential shows the drive waveform of the node A. FIG . 23E shows 
the drive waveform of the node B. FIG . 23F shows the signal Vdd is employed as the first power supply to which one main 

electrode of each of the thin film transistors P22 , P23 , and waveform of the output pulse that appears at the output node P24 is connected , and that the lower potential VSS is OUT . employed as the second power supply to which one main As shown in FIG . 23 , at the timing when the H - level 15 electrode of each of the thin film transistors P25 and P26 is 
potential is input to the first input terminal inl , the potential connected . 
of the node A rises up to the H level ( = the higher potential FIG . 28 shows the drive waveforms of the shift stage 
Vdd - Vth ( N26 ) ) and the potential of the node B falls down according to this form example . FIGS . 28A to 28F corre 
to the L level ( = the lower potential VSS ) . This turns the thin spond to FIGS . 23A to 23F , respectively . The respective 
film transistor N21 to the state of being capable of capturing 20 waveforms shown in FIG . 28 are obtained by interchanging 
the clock signal . During the period when the first input the H level and the L level of the respective waveforms 
terminal inl is at the H level , the gate capacitor of the thin shown in FIG . 23. That is , the basic operation is the same 
film transistor N21 and the complementary capacitor C1 are between the NMOS - type and PMOS - type shift stages . 
charged . Therefore , also after the potential of the first input Therefore , the detailed description of the PMOS - type shift 
terminal in1 has fallen down to the L level , the node A and 25 stage is omitted . 
the node B keep the potentials held immediately before this Also in the case of this PMOS - type shift stage , the load 
potential falling of the first input terminal in1 , in the floating of the input terminals inl and in2 can be reduced compared 
state . with the related - art example . As a result , the load of the 

If the clock signal is input in this state , the potential of the transfer pulse is reduced . This allows driving at a higher 
node A is raised by bootstrap operation as shown in FIG . 30 frequency compared with the shift register circuit according 
23D . As a result , the higher potential Vdd , which is the same to the related - art example . 
as the potential of the clock signal , appears at the output ( B - 2 ) Second Form Example of Shift Stage 
node OUT . The floating state of the nodes A and B is In the above - described shift stage according to the first 
continued until the H - level potential is input to the second form example , the potential of the node B in the floating 
input terminal in2 . 35 state depends on the leakage balance between the thin film 
Upon the input of the H - level potential to the second input transistors N23 and N25 or P23 and P25 . For example , in the 

terminal in2 , the potential of the node B rises up to the H NMOS - type shift stage , the leakages act to lower the poten 
level ( the higher potential Vdd - Vth ( N25 ) ) . In linkage with tial of the node B toward the lower potential VSS if the 
this potential change of the node B , the thin film transistor leakage amount of the thin film transistor N23 is larger than 
N24 is switched to the on - state , so that the potential of the 40 that of the thin film transistor N25 . In contrast , the leakages 
node A is forcibly lowered to the L level ( lower potential act to increase the potential of the node B toward the higher 
VSS ) . potential Vdd if the leakage amount of the thin film tran 

The above - described operation is carried out in each shift sistor N25 is larger than that of the thin film transistor N23 . 
stage . In this form example , the first and second input In the PMOS - type shift stage , the potential of the node B 
terminals inl and in 2 should just drive the gate electrodes of 45 is changed in the direction opposite to that in the NMOS 
the thin film transistors N25 and N26 . That is , they do not type shift stage . 
need to drive the nodes A and B ( interconnect capacitors ) With reference to FIG . 29 , a description will be made 
unlike the related - art example shown in FIG . 9 . below about the influence when the leakage amount of the 

Therefore , the load of the input terminals inl and in 2 is thin film transistor N25 is larger than that of the thin film 
reduced compared with the related - art example . As a result , 50 transistor N23 in the NMOS - type shift stage . 
the load of the transfer pulse is reduced . This allows driving In this case , a possible issue is the drive operation in the 
at a higher frequency compared with the shift register circuit period during which both the node A and the node B are in 
according to the related - art example . the floating state . 
( b ) PMOS Type Originally , during this period , the node A is kept at the H 
The above - described NMOS - type shift stage is used if the 55 level and the node B is kept at the L level . 

sub - pixels 11 in the pixel array part 3 have the NMOS - type However , if the potential of the node B is shifted toward 
circuit configuration shown in FIG . 2 or FIG . 3 . the H level due to the collapse of the leakage amount 

Therefore , if the sub - pixels 11 in the pixel array part 3 balance , the thin film transistor N24 is turned on when the 
have the PMOS - type circuit configuration shown in FIG . 24 potential of the node B reaches a certain potential . This acts 
or FIG . 25 , a shift register circuit including PMOS - type shift 60 to lower the potential of the node A in the floating state 
stages should be used . toward the lower potential VSS , which possibly precludes 
The configurations of the sub - pixel 11 shown in FIG . 24 the bootstrap operation of the node A accompanying the 

and FIG . 25 are basically the same as those of FIG . 2 and input of the clock signal . Specifically , the amplitude of the 
FIG . 3 , respectively , except for replacement of the respective pulse that appears at the output node OUT is possibly 
NMOS thin film transistors in FIG . 2 and FIG . 3 by PMOS 65 insufficient . 
thin film transistors . Therefore , as shown in FIG . 26 , the To address this problem , in this form example , a circuit 
drive waveforms in these configurations are obtained by configuration is proposed in which the bootstrap operation 
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of the node A is hardly precluded even with the collapse of stage according to the first form example . That is , a shift 
the leakage amount balance due to the influence of manu- register circuit that carries out highly - reliable drive opera 
facturing variation . tion can be achieved . 

It should be obvious that this form example is to further ( B - 3 ) Third Form Example of Shift Stage 
enhance the reliability and the shift stage according to the 5 The above - described shift stage according to the second 
first form example can be used without any problem as long form example involves a problem that , as shown in FIGS . 
as the influence of manufacturing variation is within the 31D and 31E , the potential switching speed is low in 
allowable range . switching of the potentials of the nodes A and B from the L 

level to the H level or from the H level to the L level . ( a ) NMOS Type 
FIG . 30 shows a second form example of the shift stage This is because , even after the thin film transistor N25 

included in the shift register circuit . FIG . 31 shows the ( P25 ) or N26 ( P26 ) is turned on and thereby the potential 
supply is started , the potential supply by the thin film corresponding drive waveforms . transistor N23 ( P23 ) or N24 ( P24 ) continues for a while . The difference between the shift stage shown in FIG . 30 That is , the potential supply by the first power supply 

and the shift stage according to the first form example ( FIG . 15 conflicts with that by the second power supply . In addition , 
22 ) is the connection form between the gate electrode of the the confliction of the potential supply means that through 
thin film transistor N23 and another node . current flows during the confliction . This causes increase in 

In this form example , the gate electrode of the thin film the power consumption . Therefore , the time of the conflic 
transistor N23 is connected to the control interconnect of the tion of the power supply needs to be shortened as much as 
thin film transistor N21 ( i.e. to the node A ) . The connection 20 possible . 
of the main electrodes of the thin film transistor N23 is the To meet this need , in this form example , a circuit con 
same as that in the first form example . In this form example , figuration is proposed in which the bootstrap operation of 
the thin film transistor N23 is turned on at the time of the the node A is hardly precluded even with the collapse of the 
bootstrap operation of the node A to thereby act to fix the leakage amount balance due to the influence of manufac 
potential of the node B at the lower potential VSS . 25 turing variation and fast switching of the node potentials can 
FIG . 31 shows the drive waveforms of the shift stage also be achieved . That is , a circuit configuration is proposed 

according to this form example . The drive waveforms shown that carries out highly - reliable drive operation , and is 
in FIGS . 31A to 31F correspond to those shown in FIGS . capable of high - frequency operation and has low power 
23A to 23F , respectively . consumption . 
As is apparent from comparison between FIG . 31E and 30 ( a ) NMOS Type 

FIG . 23E , in this form example , the node B is not in the FIG . 33 shows a third form example of the shift stage 
floating state but a fixed potential is applied to the node B included in the shift register circuit . 
during the period when the node A carries out bootstrap The shift stage shown in FIG . 33 corresponds to a circuit 
operation . configuration obtained by combining the shift stage accord 

Specifically , even when the leakage amount of the thin 35 ing to the first form example ( FIG . 22 ) with the shift stage 
film transistor N25 is relatively large , the potential of the according to the second form example ( FIG . 30 ) . 
node B can be continuously kept at the lower potential VSS This circuit configuration arises from combination of the 
by the thin film transistor N23 that is completely turned on . connection form of the first form example , in which the 

Thus , even if the degree of manufacturing variation is speed of switching of the node potentials is high , and the 
beyond the allowable range of the shift stage according to 40 connection form of the second form example , which is 
the first form example , employing the shift stage according excellent in the potential holding performance ( latch per 
to this form example makes it possible to ensure normal formance ) . 
bootstrap operation . That is , a shift register circuit that In this form example , the thin film transistor N23 corre 
carries out highly - reliable drive operation can be achieved . sponding to the first form example is indicated as N23 ( 1 ) , 
( b ) PMOS Type 45 and the thin film transistor N23 corresponding to the second 
The above - described problem relating to the leakage form example is indicated as N23 ( 2 ) . Similarly , the thin film 

amount balance applies also to a PMOS - type shift stage . transistor N24 corresponding to the first form example , in 
Therefore , the same connection structure as that of the which the speed of node potential switching is high , is 

NMOS - type shift stage can be employed for the PMOS - type indicated as N24 ( 1 ) , and the thin film transistor N24 that 
50 corresponds to the first and second form examples and is 

FIG . 32 shows the circuit configuration of the PMOS - type excellent in the potential holding performance ( latch per 
shift stage according to this form example . formance ) is indicated as N24 ( 2 ) . 
The difference between the shift stage shown in FIG . 32 In this form example , when the H - level potential is input 

and the shift stage according to the first form example ( FIG . to the first input terminal inl , the thin film transistor N23 ( 1 ) 
27 ) is also the connection form of the gate electrode of the 55 is turned on first , so that the lowering of the potential of the 
thin film transistor P23 . node B , which has been in the floating state so far , is 

In this form example , the gate electrode of the thin film immediately started . Thereafter , the thin film transistor N23 
transistor P23 is connected to the control interconnect of the ( 2 ) is also turned on , and the potential of the node B is 
thin film transistor P21 ( i.e. to the node A ) . This connection completely lowered to the lower potential VSS . 
allows the thin film transistor P23 to fix the potential of the 60 Because the potential of the node B is lowered fast in this 
node B to the higher potential Vdd during the bootstrap manner , the thin film transistor N24 ( 2 ) is also rapidly turned 
operation of the node A. off to stop the supply of the lower potential VSS to the node 

Although the description of the drive waveforms of this A. Thus , the speed of the potential rise of the node A to the 
PMOS - type shift stage is omitted , employing the shift stage higher potential Vdd is also improved . 
according to this form example makes it possible to ensure 65 Furthermore , when the H - level potential is input to the 
normal bootstrap operation even if the degree of manufac- second input terminal in2 , the thin film transistor N24 ( 1 ) is 
turing variation is beyond the allowable range of the shift turned on first , so that the lowering of the potential of the 

shift stage . 
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node A , which has been in the floating state so far , is FIG . 36 shows leakage paths that possibly become an 
immediately started . Thereafter , the thin film transistor N24 issue in the shift stage according to the third form example , 
( 2 ) is also turned on , and the potential of the node A is regarding the NMOS - type shift stage . The problematic leak 
completely lowered to the lower potential VSS . age paths are the leakage path through the thin film transistor 

Because the potential of the node A is lowered fast in this 5 N25 and two leakage paths through the thin film transistors 
manner , the thin film transistor N23 ( 2 ) is also rapidly turned N23 ( 1 ) and N23 ( 2 ) . 
off to stop the supply of the lower potential VSS to the node If the sum of the leakage amounts of the thin film 
B. Thus , the speed of the potential rise of the node B to the transistors N23 ( 1 ) and N23 ( 2 ) is larger than the leakage 
higher potential Vdd is also improved . amount of the thin film transistor N25 , the potential of the 
FIG . 34 shows the drive waveforms of the shift stage 10 node B , which should be kept at the higher potential Vdd 

according to this form example . The drive waveforms shown originally , is lowered toward the lower potential VSS . 
in FIGS . 34A to 34F correspond to those shown in FIGS . The potential decrease of the node B in the period of the 
31A to 31F , respectively . floating state thereof causes the occurrence of the floating 
As is apparent from comparison between FIGS . 34D and state of the node A as described above with FIG . 14. This 

34E and FIGS . 31D and 31E , the speed of the potential 15 floating state of the node A causes a phenomenon that the 
change of the nodes A and B is higher in this form example . clock signal input from the clock input terminal CK via the 

In addition , as is apparent from comparison with FIG . coupling capacitance turns on the thin film transistor N21 
23E , the supply of the lower potential VSS to the node B is and an erroneous transfer pulse appears at the output node 
continued also during the bootstrap operation of the node A , OUT . 
due to the provision of the thin film transistor N23 ( 2 ) . To address this problem , in this form example , it is 

Therefore , in this form example , the normal bootstrap proposed to use a configuration in which the leakage amount 
operation of the node A can be ensured even if the leakage of the thin film transistor N25 is structurally larger than that 
amount of the thin film transistor N25 is relatively large due of the thin film transistors N23 ( 1 ) and N23 ( 2 ) , with focus on 
to the influence of manufacturing variation . the characteristic that the second power supply Vdd can be 

That is , using the shift stage according to this third form 25 utilized . That is , a method is proposed in which the off 
example makes it possible to achieve a shift register circuit leakage that causes the potential of the node B to be lowered 
in which the speed of switching of the node potentials is high toward the lower potential VSS is structurally decreased to 
and the reliability of the drive operation is high . In addition , thereby enhance the reliability of the shift operation . 
increase in the power consumption can also be minimized in ( a ) Method of Utilizing Difference in Transistor Size 
spite of the enhancement in the potential switching speed . 30 As a first method , the present inventors focus attention on 
( b ) PMOS Type the transistor size . Specifically , the present inventors focus 

The above - described problem applies also to a PMOS- attention on the characteristic that the off - leakage through a 
type shift stage . thin film transistor becomes larger as the ratio of the channel 

Therefore , the same connection structure as that of the width W of the thin film transistor to the channel length L 
NMOS - type shift stage can be employed for the PMOS - type 35 thereof ( i.e. W / L ) becomes higher . 

Based on this characteristic , the transistor sizes are so 
Specifically , a circuit configuration obtained by combin- determined that W / L of the thin film transistor N25 is larger 

ing the shift stage according to the first form example ( FIG . than W / L of the thin film transistors N23 ( 1 ) and N23 ( 2 ) . 
27 ) with the shift stage according to the second form FIG . 37 shows a configuration example of the NMOS 
example ( FIG . 32 ) is employed . 40 type shift stage , and FIG . 38 shows a configuration example 
FIG . 35 shows the circuit configuration of the PMOS - type of the PMOS - type shift stage . 

shift stage according to this form example . As long as the sizes of the thin film transistors surrounded 
In the shift stage shown in FIG . 35 , the thin film transistor by the dashed line and the dotted line in the diagrams satisfy 

P23 corresponding to the first form example is indicated as the above - described relationship , the other thin film transis 
P23 ( 1 ) , and the thin film transistor P23 corresponding to the 45 tors may have any size . 
second form example is indicated as P23 ( 2 ) . Similarly , the Therefore , the other thin film transistors may have the 
thin film transistor P24 corresponding to the first form same size as that of the thin film transistors N23 ( 1 ) and 
example , in which the speed of node potential switching is N23 ( 2 ) or P23 ( 1 ) and P23 ( 2 ) , or may have the same size as 
high , is indicated as P24 ( 1 ) , and the thin film transistor P24 that of the thin film transistor N25 or P25 . Alternatively , they 
that corresponds to the first and second form examples and 50 may have a third size different from these sizes . 
is excellent in the potential holding performance ( latch In any case , this larger off - leakage of the thin film 
performance ) is indicated as P24 ( 2 ) . transistor N25 or P25 makes it easy to hold the potential of 

Although the description of the drive waveforms of this the node B that is at the H level and in the floating state . This 
PMOS - type shift stage is omitted , employing the shift stage can enhance the reliability of the drive operation . 
according to this form example makes it possible to achieve 55 ( b ) Method of Utilizing Difference in Gate Structure of 
a shift register circuit having the same advantages as those Transistor 
of the shift register circuit including the NMOS - type shift As a second method , the present inventors focus attention 
stage . on the gate structure . FIG . 39 shows the sectional structures 
( B - 4 ) Fourth Form Example of Shift Stage of thin film transistors with focus on difference in the gate 
As described above , using the shift stage according to the 60 structure . 

third form example can prevent the bootstrap operation of FIGS . 39A and 39B show thin film transistors having a 
the node A from being affected by the influence of produc- structure in which a gate electrode is formed on merely one 
tion variation . side of the channel layer . Hereinafter , this structure will be 

However , the period during which the node B is kept at referred to as the single - sided gate structure . 
the floating state at the H level involves a slight possibility 65 The structure shown in FIG . 39A , in which the gate 
that off - leakage due to production variation leads to erro- electrode is disposed under the channel layer , is referred to 
neous output to the output node OUT . as the bottom - gate structure . 

shift stage . 
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The structure shown in FIG . 39B , in which the gate source , as the part covering the channel region . A lightly 
electrode is disposed over the channel layer , is referred to as doped drain ( LDD ) region is not included in this channel 
the top - gate structure . region . 
FIG . 39C shows a thin film transistor having a structure FIG . 44A shows the sectional structure of a PMOS thin 

in which gate electrodes are formed on both the sides of the 5 film transistor . Also in the case of the PMOS thin film 
channel layer ( over and under the channel layer ) . Hereinaf- transistor , the source - shield length refers to the length of the 
ter , this structure will be referred to as the double - sided gate partial portion of the metal interconnect ( source electrode ) 
structure . In the structure of FIG . 39C , the upper gate connected to the source , as the part covering the channel 
electrode and the lower gate electrode are controlled by the region . In the structure of FIG . 44A , the PMOS thin film 
same power supply . However , it is also possible to control 10 transistor does not have an LDD layer . 
them by different power supplies . Using different power FIG . 43B shows the relationship between the gate - source 
supplies can shift the operating point , and thus can control voltage Vgs and the drain - source current Ids in the NMOS 
the off - leakage . thin film transistor . FIG . 44B shows the relationship between 

It is known that the intensity of the gate - source electric the gate - source voltage Vgs and the drain - source current Ids 
field in the thin film transistor having the double - sided gate 15 in the PMOS thin film transistor . In either case , the ordinate 
structure is higher than that of the gate - source electric field is represented on the log scale . 
in the thin film transistor having the single - sided gate As shown in FIGS . 43B and 44B , the following charac 
structure . Therefore , it is generally known that the thin film teristic is found in either case : smaller source - shield length 
transistor with the double - sided gate structure has a charac- provides larger off - leakage and larger source - shield length 
teristic of having large on - current and a small S value . 20 provides smaller off - leakage . 
FIG . 40 shows the result of actual measurement relating Based on this characteristic , in this method , a thin film 

to the relationship between the gate structure and the off- transistor having a relatively - small source - shield length is 
leakage . FIG . 40A shows the relationship between the employed as the thin film transistor N25 or P25 , and thin 
gate - source voltage Vgs and the drain - source current Ids in film transistors having a relatively - large source - shield 
an NMOS thin film transistor . FIG . 40B shows the relation- 25 length are employed as the thin film transistors N23 ( 1 ) and 
ship between the gate - source voltage Vgs and the drain- N23 ( 2 ) or P23 ( 1 ) and P23 ( 2 ) . 
source current Ids in a PMOS thin film transistor . FIG . 45 shows a configuration example of the NMOS 

To show the off - leakage current , the ordinates in FIGS . type shift stage , and FIG . 46 shows a configuration example 
40A and 40B are represented on the log scale . of the PMOS - type shift stage . 

Comparison at the operating point of the gate - source 30 As long as the source - shield lengths of the thin film 
voltage Vgs = 0 V makes it apparent that the off - leakage transistors surrounded by the dashed line and the dotted line 
current of the thin film transistor having the double - sided in the diagrams satisfy the above - described relationship , the 
gate structure is smaller than that of the thin film transistor other thin film transistors may have any source - shield 
having the single - sided gate structure by two to three orders length . 
of magnitude . This means that the off - resistance of the 35 Therefore , the other thin film transistors may have a 
single - sided gate structure is lower than that of the double- source - shield length larger than the above - described two 
sided gate structure by two to three orders of magnitude . kinds of source - shield lengths , or one between the above 

Based on this characteristic , in this method , the single- described two kinds of source - shield lengths , or one smaller 
sided gate structure is employed for the thin film transistor than the above - described two kinds of source - shield lengths . 
N25 or P25 , and the double - sided gate structure is employed 40 In any case , this larger off - leakage of the thin film 
for the thin film transistors N23 ( 1 ) and N23 ( 2 ) or P23 ( 1 ) and transistor N25 or P25 makes it easy to hold the potential of 
P23 ( 2 ) . the node B that is at the H level and in the floating state . This 
FIG . 41 shows a configuration example of the NMOS- can enhance the reliability of the drive operation . 

type shift stage , and FIG . 42 shows a configuration example The purpose of the provision of the LDD region in the 
of the PMOS - type shift stage . 45 NMOS thin film transistor is to greatly reduce the off 
As long as the gate structures of the thin film transistors leakage by electric field relaxation . 

surrounded by the dashed line and the dotted line in the If the NMOS thin film transistor does not have the LDD 
diagrams satisfy the above - described relationship , the other region , the off - leakage current is on the order of 10 ̂ -8 . In 
thin film transistors may have any gate structure . contrast , if it has the LDD region , the off - leakage current can 

Therefore , the gate structure of each of the other thin film 50 be decreased to one on the order of 10 ̂ -13 , although 
transistors may be either the single - sided gate structure or depending on the LDD length . On the other hand , the 
the double - sided gate structure . off - leakage current in the PMOS thin film transistor is on the 

In any case , this larger off - leakage of the thin film order of 10 ̂ -13 without the LDD region . Therefore , there is 
transistor N25 or P25 makes it easy to hold the potential of no need to apply the LDD structure , which increases the 
the node B that is at the H level and in the floating state . This 55 number of processes , to the PMOS thin film transistor . The 
can enhance the reliability of the drive operation . desired value of the off - leakage current in driving is 10 ̂ -10 
( c ) Method of Utilizing Difference in Source - Shield Length or smaller . 
of Transistor If the source and the drain are interchanged ( the metal 
As a third method , the present inventors focus attention on interconnect is connected to the drain ) in the structures of 

the source - shield length . Initially , the relationship between 60 FIGS . 43 and 44 , the characteristic can be shifted depending 
the source - shield length and the off - leakage amount will be on the drain shield . As the shield length of the drain shield 
described below with reference to FIGS . 43 and 44 . is increased , the TFT characteristic is further shifted toward 
FIG . 43A shows the sectional structure of an NMOS thin the depletion side . Thus , at the circuit operating point of 

film transistor . Vgs = 0 , larger shield length provides larger off - leakage . 
In the case of the NMOS thin film transistor , the source- 65 However , the amount of the TFT characteristic shift in 

shield length refers to the length of the partial portion of the relation to the drain shield depends greatly on the drain 
metal interconnect ( source electrode ) connected to the potential . In addition , the drain potential varies and thus is 
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difficult to control in the operation ( for a TFT , the source However , the amplitude decrease of these two pulses 
potential is the reference potential and the drain potential is means that an amplitude decrease for the generation circuits 
regarded as the relative potential difference with respect to of these pulses can be achieved . If the amplitude is small , a 
the source potential ) . Although it is possible to control the voltage decrease of the drive power supply desired for the 
off - leakage by using the drain shield in principle , the off- 5 respective generation circuits of these two pulses can also be 
leakage is large at the operating point in the form examples achieved . Thus , reduction in the power consumption of these 
of the present invention and thus erroneous operation pos- two pulses can be achieved . 
sibly occurs . Therefore , it is difficult to utilize the drain ( a ) NMOS Type 
shield . FIG . 48 shows a fifth form example of the shift stage 

In the case of the source shield , larger shield length shifts 10 included in the shift register circuit . FIG . 49 shows the 
the TFT characteristic toward the enhancement side with a corresponding drive waveforms . The drive waveforms 
higher degree , and larger shield length provides smaller shown in FIGS . 49A to 49F correspond to those shown in 
off - leakage at the circuit operating point of Vgs = 0 . Because FIGS . 31A to 31F , respectively . 
the source potential is the reference potential for a TFT , the The configuration of the shift stage shown in FIG . 48 is 
source shield gives the electrically - stable TFT characteristic . 15 the same as that of the shift stage according to the third form 
( d ) Method of Utilizing Difference in LDD Length of example ( FIG . 33 ) . 
Transistor However , as shown in FIGS . 49A and 49B , the H - level 

The above - described three methods can be applied to both potential of the pulse signal input to the first and second 
NMOS and PMOS transistors . However , another method input terminals inl and in2 is Vin lower than the potential 
other than these methods is also available as long as this 20 Vdd of the first power supply . 
method is applied to an NMOS thin film transistor . Therefore , the operation condition desired for the shift 

In this method as a fourth method , the present inventors stage shown in FIG . 48 is that the transfer pulse with the 
focus attention on the LDD length of an NMOS thin film maximum amplitude appears at the output node OUT due to 
transistor . The LDD region refers to the low - concentration the bootstrap operation of the node A even with the input of 
impurity region provided between the source / drain and the 25 the pulse signal having the smaller amplitude . 
channel as shown in FIG . 43A . The LDD region is used to FIG . 50 shows the drive condition desired for the node A. 
avoid focusing of a high electric field on the corresponding In FIG . 50 , the lower potential VSS is defined as O V. 
region part . It is known that smaller LDD length provides The potential of the node A except for in the bootstrap 
larger off - leakage . operation thereof is represented as Vin - Vth ( N26 ) if the 

Based on this characteristic , in this method , a thin film 30 higher potential Vin is input to the first input terminal int . 
transistor having a relatively - small LDD length is employed In this case , the amplitude at the time of the bootstrap 
as the thin film transistor N25 , and thin film transistors operation is represented as { ( C1 + C ( N21 ) ) / ( C1 + C ( N21 ) + 
having a relatively - large LDD length are employed as the Cpa ) * Vdd . 
thin film transistors N23 ( 1 ) and N23 ( 2 ) . Therefore , if the value obtained by subtracting the output 
FIG . 47 shows a configuration example of the NMOS- 35 potential Vdd from the maximum potential , which arises 

type shift stage . from addition of the amplitude potential at the time of the 
As long as the LDD lengths of the thin film transistors bootstrap operation to the potential Vin - Vth ( N26 ) obtained 

surrounded by the dashed line and the dotted line in the before the bootstrap operation , is equal to or higher than the 
diagram satisfy the above - described relationship , the other threshold voltage Vth ( N21 ) of the thin film transistor N21 , 
thin film transistors may have any LDD length . 40 the same operation as that in the above - described respective 

Therefore , the other thin film transistors may have an form examples can be achieved although the amplitude of 
LDD length larger than the above - described two kinds of the start pulse st and the end pulse ‘ end ' is decreased . 
LDD lengths , or one between the above - described two kinds C ( N21 ) denotes the gate capacitance of the thin film 
of LDD lengths , or one smaller than the above - described transistor N21 , and Cpa denotes the total parasitic capaci 
two kinds of LDD lengths . 45 tance of the node A , except for C ( N21 ) and C1 . 

In any case , this larger off - leakage of the thin film At the time of the design , the values of the complementary 
transistor N25 makes it easy to hold the potential of the node capacitance C1 , the gate capacitance C ( N21 ) , and the total 
B that is at the H level and in the floating state . This can parasitic capacitance Cpa are optimized so that the above 
enhance the reliability of the drive operation . described condition may be satisfied . 
( B - 5 ) Fifth Form Example of Shift Stage FIG . 51 shows drive pulse waveforms of the shift register 

In the following , a technique to decrease the potential circuit including the shift stage according to this form 
amplitude of the first and second input terminals inl and in 2 example . The drive waveforms shown in FIGS . 51A to 516 
will be described below . Specifically , a description will be correspond to those shown in FIGS . 18A to 18G , respec 
made below about the configuration of a shift stage in which tively . 
amplitude of VSS / Vdd appears at the output node OUT even 55 It can be understood from FIG . 51 that the output pulse 
if the amplitude of the input to the first and second input having the same amplitude as that of the clock signal appears 
terminals inl and in2 is not VSS / Vdd . at the output node of each shift stage although the signal 

However , the shift stages according to the above - de- amplitude of the start pulse st and the end pulse ‘ end ' is 
scribed respective form examples are premised on the shift smaller as shown in FIGS . 51C and 51G . 
register circuit having the connection structure shown in 60 Although the third form example is taken as an example 
FIG . 21. Therefore , to the first and second input terminals of in the above description , the technique to decrease the 
the shift stages other than the first shift stage and the final amplitude of the start pulse st and the end pulse ‘ end ' can be 
shift stage , the transfer pulse with the maximum amplitude applied also to the first , second , and fourth form examples 
of VSS / Vdd is input . As a result , the pulses whose amplitude similarly . 
can be decreased are limited to two pulses : the start pulse st 65 ( b ) PMOS Type 
input to the first shift stage ; and the end pulse ‘ end ' input to The above - described technique to decrease the amplitude 
the final shift stage . of the start pulse st and the end pulse ' end can be applied 

50 
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also to a PMOS - type shift stage in the same manner . The ( B - 7 ) Seventh Form Example of Shift Stage 
desired parameter condition is the same as that of the The shift stages according to the above - described first to 
NMOS - type shift stage . sixth form examples are premised on the connection form 
FIG . 52 shows the circuit configuration of the PMOS - type shown in FIG . 21. Specifically , in these form examples , the 

shift stage according to this form example . Although the 5 transfer pulse that appears at the output node OUT of each 
description of the drive waveforms of this PMOS - type shift shift stage is coupled not merely to the control line corre stage is omitted , employing the shift stage according to this sponding to this shift stage but also to the second input form example makes it possible to achieve a shift register terminal in2 of the previous shift stage and the first input circuit having the same advantages as those of the shift terminal inl of the subsequent shift stage . register circuit including the NMOS - type shift stage . In the following , a shift register circuit having an inter ( B - 6 ) Sixth Form Example of Shift Stage connect structure smaller than that of FIG . 21 will be A description will be made below about specific structure 
examples to achieve the amplitude decrease of the start pulse described below . In this form example , a third clock signal 
st and the end pulse ‘ end ' input to the first and second input ck3 is added instead of the end pulse ‘ end ' and is used for 
terminals in1 and in2 in the fifth form example . driving of the clock input terminal CK and the second input 
( a ) NMOS Type terminal in 2. In addition , in linkage with this , the connection 

In order to achieve the amplitude decrease of the pulse between the output node of the shift stage and the second 
signal , a structure having a high bootstrap gain Gbt , repre input terminal of the previous shift stage is eliminated . 
sented by the following equation , should be employed . FIG . 57 shows the interconnect structure of the shift 

20 register circuit proposed in this form example . As shown in 
Gbt = ( C1 + C ( N21 ) ) / ( C1 + C ( N21 ) + Cpa ) FIG . 57 , the output node OUT of the shift stage is connected 

To increase the bootstrap gain Gbt , the total parasitic merely to the control line corresponding to this shift stage 
capacitance Cpa of the node A should be decreased . Alter- and the first input terminal inl of the subsequent shift stage . 
natively , the complementary capacitance C1 and the gate On the other hand , of three clock signals CKA , CKB , and 
capacitance C ( N21 ) of the thin film transistor N21 should be 25 CKC whose phases are shifted from each other by a 1H 
increased . period , two clock signals whose phases are adjacent to each 

In the present example , attention is focused on the gate other are coupled to the clock input terminal CK and the 
capacitance C ( N21 ) of the thin film transistor N21 . second input terminal in2 of each shift stage , with the 

The relationship between the structure of the thin film cyclically - shifted phase relationship . 
transistor and the gate capacitance C ( N21 ) will be described 30 In the structure of FIG . 57 , the first clock signal CKA is 
below with reference to FIG . 53 . input to the clock input terminal CK of the first shift stage , 

If the gate capacitance of the thin film transistor having and the second clock signal CKB is input to the second input 
the bottom - gate structure shown in FIG . 53A is defined as terminal in2 of the first shift stage . The second clock signal 
Ca and the gate capacitance of the thin film transistor having CKB is input to the clock input terminal CK of the second 
the top - gate structure shown in FIG . 53B is defined as Cb , 35 shift stage , and the third clock signal CKC is input to the 
the gate capacitance of the thin film transistor having a second input terminal in2 of the second shift stage . The third 
double - sided gate structure is represented as Ca + Cb . That is , clock signal CKC is input to the clock input terminal CK of 
by providing the thin film transistor N21 with the double- the third shift stage , and the first clock signal CKA is input 
sided gate structure , the bootstrap gain can be increased . to the second input terminal in 2 of the third shift stage . This 
Higher bootstrap gain provides higher operation stability of 40 connection structure is repeated also for the subsequent shift 
the shift stage . stages . That is , the phases of the clock signals input to the 
FIG . 54 shows a sixth form example of the shift stage clock input terminal CK and the second input terminal in2 

included in the shift register circuit . As shown in FIG . 54 , the are cyclically shifted on a stage - by - stage basis . 
thin film transistor N21 having a double - sided gate structure ( a ) NMOS Type 
is employed in the shift stage according to this form 45 FIG . 58 shows an example of drive pulse waveforms of 
example . The double - sided gate structure intensifies the the shift register circuit formed with merely NMOS thin film 
gate - source electric field . Thus , the on - current is increased . transistors . 
Therefore , the double - sided gate structure provides an FIG . 58A shows the first clock signal CKA . FIG . 58B 
advantage of enhancing the speed of the rising and falling shows the second clock signal CKB . FIG . 58C shows the 
( so - called transient ) of the current amount of the output node 50 third clock signal CKC . 
OUT as shown in FIG . 55 . FIG . 58D shows the start pulse st for driving the first shift 
FIG . 55A shows the current characteristic of an NMOS stage . FIG . 58E shows an output pulse ol of the first shift 

thin film transistor , and FIG . 55B shows the current char- stage SR ( 1 ) . FIG . 58F shows an output pulse o2 of the 
acteristic of a PMOS thin film transistor . In either case , the second shift stage SR ( 2 ) . FIG . 58G shows an output pulse 03 
double - sided gate structure provides sharper change in the 55 of the third shift stage SR ( 3 ) . 
current amount . As shown in FIG . 58 , from the ( 3m + 1 ) -th shift stage ( m 
( b ) PMOS Type is 0 , 1 , 2 , . . ) , the output pulse is output at the timing of 
The above - described technique to increase the bootstrap the first clock signal CKA . From the ( 3m + 2 ) -th shift stage 

gain can be applied also to a PMOS - type shift stage in the ( m is 0 , 1 , 2 , ... ) , the output pulse is output at the timing 
same manner . Therefore , the circuit configuration shown in 60 of the second clock signal CKB . From the ( 3m + 3 ) -th shift 
FIG . 56 can be employed for the PMOS - type shift stage stage ( m is 0 , 1 , 2 , ... ) , the output pulse is output at the 
according to this form example . Although the description of timing of the third clock signal CKC . 
the drive waveforms of this PMOS - type shift stage is It is obvious that the input of the output pulse from the 
omitted , employing the shift stage according to this form previous shift stage to the first input terminal inl is neces 
example makes it possible to simultaneously achieve lower 65 sary for the output of the output pulse . Therefore , the output 
power consumption and higher - frequency driving as with pulse is transferred in such a manner as to be shifted on a 
the NMOS - type shift stage . stage - by - stage basis sequentially from the first shift stage . 
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FIG . 59 shows the drive waveforms corresponding to is effective for enhancement in the reliability of the drive 
each shift stage . The drive waveforms of FIGS . 59A to 59F operation , such as prevention of the output of the output 
correspond to those of FIGS . 34A to 34F , respectively . pulse at an erroneous timing . 

The largest difference in the drive waveforms between ( B - 8 ) Eighth Form Example of Shift Stage 
FIGS . 59 and 34 is that the clock pulse is periodically input In each of the shift stages according to the above - de 
( specifically , with a 3H - cycle ) to the second input terminal scribed first to seventh form examples , as shown in FIG . 62 , 
in2 as shown in FIG . 59B . the first input terminal inl is connected to the gate electrode 

This clock pulse input means that the H - level potential of the thin film transistor N26 , and the second input terminal 
( higher potential Vdd ) can be periodically supplied to the in2 is connected to the gate electrode of the thin film 

10 transistor N25 . node B. Therefore , in the shift register circuit according to Due to this connection structure , as shown in FIG . 63 , the this form example , an advantage that the floating - state 
period of the node B can be shortened can be expected . potentials of the node A and the node B are lower than the 

higher potential Vdd by the threshold voltages Vth ( N25 ) and The shortening of the floating - state period of the node B Vth ( N26 ) of the thin film transistors N25 and N26 . means that the potentials of the nodes A and B in the period The cause of this state is that the thin film transistors N25 
other than the output timing of the output pulse can be so and N26 become the diode - connected state when the higher 
kept as to have the normal potential relationship . Thus , this potential Vdd is applied to the first and second input 
is effective for enhancement in the reliability of the drive terminals inl and in2 . 
operation , such as prevention of the output of the output FIG . 64 shows the equivalent circuit of the thin film 
pulse at an erroneous timing . 20 transistor N26 when the higher potential Vdd is applied . Via 
( b ) PMOS Type this diode - connected thin film transistor N26 , the node A is 

Also for a PMOS - type shift register circuit , the same charged from the lower potential VSS toward the higher 
connection form as that of the NMOS - type shift register potential Vdd . However , as shown in FIG . 65 , the charging 
circuit can be employed . The potential relationship of the of the node A progresses merely to such a degree that the 
drive waveforms is opposite to that of the NMOS - type shift 25 relationship Vgs = Vds = Vth is obtained . 
register circuit , similarly to the other form examples . The reason for this is that the diode - connected thin film 
FIG . 60 shows an example of drive pulse waveforms of a transistor N26 operates in the saturation region . 

shift register circuit formed with merely PMOS thin film In the diode connection of FIG . 64 , the source region of 
transistors . the thin film transistor N26 is connected to the node A. 
FIG . 60A shows the first clock signal CKA . FIG . 60B 30 Therefore , the source potential Vs also rises up along with the charging of the node A. Specifically , the charging of the shows the second clock signal CKB . FIG . 60C shows the node A ( the increase in the source potential Vs ) acts to third clock signal CKC . decrease the drain - source voltage Vds ( i.e. Vgs ) . FIG . 60D shows the start pulse st for driving the first shift The decrease in the drain - source voltage Vds acts to stage . 35 decrease the drain current Ids as shown in FIG . 66. Specifi FIG . 60E shows an output pulse ol of the first shift stage cally , as the potential of the node A increases , the on SR ( 1 ) . FIG . 60F shows an output pulse 02 of the second shift resistance of the thin film transistor N26 also increases . In 

stage SR ( 2 ) . FIG . 60G shows an output pulse 03 of the third due course , the thin film transistor N26 is turned off at the 
shift stage SR ( 3 ) . timing when the relationship Vgs = Vds = Vth ( N26 ) is 

Also in this case , as shown in FIG . 60 , from the ( 3m + 1 ) -th 40 obtained . This is the reason why the node A may not be 
shift stage ( m is 0 , 1 , 2 , ... ) , the output pulse is output at charged to the higher potential Vdd . 
the timing of the first clock signal CKA . From the ( 3m + 2 ) -th The operation of the thin film transistors N25 and N26 as 
shift stage ( m is 0 , 1 , 2 , the output pulse is output at the the diode - connected elements is carried out at the timing of 
timing of the second clock signal CKB . From the ( 3m + 3 ) -th the switching between periods t1 and t2 in FIG . 63 ( i.e. the 
shift stage ( m is 0 , 1 , 2 , ... ) , the output pulse is output at 45 timing of the switching of the potential of the node A ) and 
the timing of the third clock signal CKC . at the timing of the switching between periods t5 and t6 ( i.e. 

It is obvious that the input of the output pulse from the the timing of the switching of the potential of the node B ) . 
previous shift stage to the first input terminal inl is neces- The speed of the rising of the node potential at these 
sary for the output of the output pulse . Therefore , the output timings depends on the on - resistance of the thin film tran 
pulse is transferred in such a manner as to be shifted on a 50 sistors N25 and N26 and the parasitic capacitance of the 
stage - by - stage basis sequentially from the first shift stage . node . 
FIG . 61 shows the drive waveforms corresponding to As described above , the on - resistance of the thin film 

each shift stage . The drive waveforms of FIGS . 61A to 61F transistors N25 and N26 increases along with potential 
correspond to those of FIGS . 28A to 28F , respectively . increase of the nodes A and B. Therefore , the speed of the 

The largest difference in the drive waveforms between 55 rising of the node potential becomes lower . 
FIGS . 61 and 28 is that the clock pulse is periodically input The switching between the periods t1 and t2 in FIG . 63 
( specifically , with a 3H - cycle ) to the second input terminal ( i.e. the switching of the potential of the node A ) is prepa 
in2 as shown in FIG . 61B . ratory operation for bootstrap operation . Therefore , it is 

This clock pulse input means that the L - level potential desired to decrease the on - resistance of the thin film tran 
( lower potential VSS ) can be periodically supplied to the 60 sistor N21 as much as possible . Thus , it is the best to surely 
node B. Therefore , in the shift register circuit according to cut off the thin film transistor N26 . 
this form example , an advantage that the floating - state On the other hand , the switching between the periods t5 
period of the node B can be shortened can be expected . and t6 in FIG . 63 ( i.e. the switching of the potential of the 

The shortening of the floating - state period of the node B node B ) is to end the shift operation , and the potential of the 
means that the potentials of the nodes A and B in the period 65 node A needs to have fallen down by the time the clock 
other than the output timing of the output pulse can be so signal rises up to the H level next time . If the potential of the 
kept as to have the normal potential relationship . Thus , this node A has not fallen down , erroneous transfer occurs . 
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That is , the transient of this potential switching ( rising is input to the first input terminal in1 , and the potential of the 
speed ) defines the drive frequency . Enhancing the speed of node A falls down to the L level at the timing when the 
this potential switching allows driving at a higher frequency . H - level potential ( Vdd ) is input to the second input terminal 

The function of the thin film transistors N23 ( 2 ) and in2 . 
N24 ( 2 ) for fixing the potentials of the nodes A and B at the 5 In the following , the operation of the thin film transistors 
lower potential VSS is mostly suppressed by the thin film N25 and 26 , which is specific to this form example , will be transistors N23 ( 1 ) and N24 ( 1 ) . mainly described below . 
( a ) NMOS Type As described above , the addition of the thin film transis FIG . 67 shows an eighth form example of a shift stage 
suitable for high - frequency driving . FIG . 68 shows the 10 transistors N25 and N26 to be raised by bootstrap operation . tors N27 and N28 allows the gate potentials of the thin film 
corresponding drive waveforms . This makes it possible to utilize the thin film transistors The same parts in FIG . 67 as those in the shift stages 
according to the above - described respective form examples N25 and N26 in the linear region . In this case , the thin film 

transistors N25 and N26 can be equivalently regarded as a are given the same symbols . 
As the configuration specific to this form example , thin 15 resistive element as shown in FIGS . 69A and 69B . The 

film transistors N27 and N28 and complementary capacitors resistance of this resistive element depends on the H - level 
C3 and C4 are added so that the gate potentials of the thin potential of the nodes C and D obtained due to the bootstrap 
film transistors N25 and N26 may be raised by bootstrap operation . 
operation . That is , this form example is defined in that the Therefore , by setting the H - level potential of the node C 
thin film transistors N25 and N26 can be utilized in the linear 20 ( FIG . 68D ) equal to or higher than the potential obtained by 
region . adding the threshold voltage Vth ( N26 ) of the thin film 

Specifically , the gate electrode of the thin film transistor transistor N26 to Vdd , the H - level potential of the node A 
N25 is connected to the second input terminal in 2 via the can be raised to Vdd as shown in FIG . 70 . 
thin film transistor N27 . Furthermore , the complementary Similarly , by setting the H - level potential of the node D 
capacitor C3 for complementing bootstrap operation is con- 25 ( FIG . 68E ) equal to or higher than the potential obtained by 
nected between the gate electrode of the thin film transistor adding the threshold voltage Vth ( N25 ) of the thin film 
N25 and the main electrode thereof closer to the node B. transistor N25 to Vdd , the H - level potential of the node B 

Naturally , the complementary capacitor C3 is unnecessary can be raised to Vdd as shown in FIG . 70 . 
if the gate capacitor of the thin film transistor N25 has The equivalent resistance of the thin film transistors N25 
sufficiently - high capacitance for the bootstrap operation . 30 and N26 depends on the relationship between the H - level 
The gate electrode of the newly - added thin film transistor potential of the nodes C and D and the higher potential Vdd . 

N27 is connected to the second power supply ( Vdd ) . Due to Thus , the thin film transistors N25 and N26 are not turned 
this connection , the thin film transistor N27 is typically kept off even when the potential of the nodes A and B is 
at the on - state . Therefore , the power is typically supplied to increased . 
the gate electrode of the thin film transistor N25 ( i.e. to a 35 As above , in the shift stage according to this form 
node D ) . example , the nodes A and B can be charged to the higher 

Similarly , in this form example , the gate electrode of the potential Vdd rapidly due to the bootstrap operation of the 
thin film transistor N26 is connected to the first input nodes C and D. Therefore , this form example is advanta 
terminal inl via the thin film transistor N28 . Furthermore , geous in high - frequency operation . 
the complementary capacitor C4 for complementing boot- 40 Furthermore , the potential of the node A ( FIG . 68F ) in the 
strap operation is connected between the gate electrode of periods t2 and t3 in FIG . 68 is set to Vdd ( maximum 
the thin film transistor N26 and the main electrode thereof potential ) . That is , the potential of the node A before the 
closer to the node A. bootstrap operation thereof can be set higher than that in the 

Naturally , the complementary capacitor C4 is unnecessary above - described other form examples . 
if the gate capacitor of the thin film transistor N26 has 45 Thus , the bootstrap amount desired for the thin film 
sufficiently - high capacitance for the bootstrap operation . transistor N21 can be lowered . As a result , size reduction or 
The gate electrode of the newly - added thin film transistor elimination of the complementary capacitor C1 can be 

N28 is also connected to the second power supply ( Vdd ) . achieved . This allows the layout area to be decreased 
Due to this connection , the thin film transistor N28 is compared with the shift stages according to the other form 
typically kept at the on - state . Therefore , the power is typi- 50 examples . 
cally supplied to the gate electrode of the thin film transistor Moreover , in this form example , the H - level potential held 
N26 ( i.e. to a node C ) . by the node B ( FIG . 68G ) can also be raised to Vdd . Thus , 
FIG . 68 shows the drive waveforms of the shift stage the margin of the leakage time can be widened . 

according to this form example . FIG . 68A shows the input The above - described features allow the shift stage accord 
waveform of the first input terminal in1 . FIG . 68B shows the 55 ing to this form example to offer a shift stage and a shift 
input waveform of the second input terminal in2 . FIG . 68C register circuit that are excellent in high - speed operation and 
shows the input waveform of the clock signal ck . FIG . 68D operation stability and have small layout area . 
shows the drive waveform of the node C. FIG . 68E shows It is also possible to use the configuration of this shift 
the drive waveform of the node D. FIG . 68F shows the drive stage in combination with the configuration of any of the 
waveform of the node A. FIG . 68G shows the drive wave- 60 shift stages according to the above - described respective 
form of the node B. FIG . 68H shows the signal waveform of form examples . 
the output pulse that appears at the output node OUT . ( b ) PMOS Type 

The basic drive timings and the operation of potential Also for a PMOS - type shift register circuit , the same 
switching at the nodes A and B in this form example are the connection form as that of the NMOS - type shift register 
same as those in the other form examples . Specifically , as in 65 circuit can be employed . The potential relationship of the 
the other form examples , the potential of the node A rises up drive waveforms is opposite to that of the NMOS - type shift 
to the H level at the timing when the H - level potential ( Vdd ) register circuit , similarly to the other form examples . 
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FIG . 71 shows the eighth form example of a shift stage crystal display panels . Furthermore , when the light source of 
suitable for high - frequency driving . FIG . 72 shows the the backlight of a liquid crystal display panel is LEDs , the 
corresponding drive waveforms . shift register circuit described for the form examples can be 
As shown in FIG . 71 , in the PMOS - type shift stage , thin used for the drive circuit of the LEDs . For example , in the 

film transistors P27 and P28 and the complementary capaci- 5 case of varying the ratio of the lighting period in a one - field 
tors C3 and C4 are newly added so that the gate potentials period , the shift register circuit is suitable if the lighting 
of the thin film transistors P25 and P26 may be raised by period in the one - field period is divided into plural lighting 
bootstrap operation . This feature allows the thin film tran periods and the lengths and positions of the individual 
sistors P25 and P26 to operate in the linear region . lighting periods are varied . 
The details of the drive waveforms shown in FIG . 72 are 10 ( C - 2 ) Product Examples of Display Panels 

as follows . FIG . 72A shows the input waveform of the first ( a ) Appearance Form input terminal in1 . FIG . 72B shows the input waveform of In this specification , the display panel encompasses not the second input terminal in2 . FIG . 72C shows the input merely a panel module obtained by forming a pixel array waveform of the clock signal ck . FIG . 72D shows the drive waveform of the node C. FIG . 72E shows the drive wave- 15 part and drive circuits on an insulating substrate by using a 
form of the node D. FIG . 72F shows the drive waveform of semiconductor process but also one obtained by manufac 
the node A. FIG . 72G shows the drive waveform of the node turing drive circuits as circuits on a separate substrate ( e.g. 
B. FIG . 72H shows the signal waveform of the output pulse application - specific ICs ) and mounting this substrate on an 
that appears at the output node OUT . insulating substrate on which a pixel array part is formed . 
As shown in FIG . 72 , in the shift stage according to this 20 FIG . 73 shows an appearance configuration example of a 

form example , the nodes A and B can be discharged to the display panel . A display panel 31 has a structure obtained by 
lower potential VSS rapidly due to the bootstrap operation bonding a counter substrate 35 to the formation area of a 
of the nodes C and D. The re , this form example is pixel array part of a support substrate 33 . 
advantageous in high - frequency operation . The support substrate 33 is composed of glass , plastic , or 

Furthermore , the potential of the node A ( FIG . 72F ) in the 25 another insulating base material ( insulating substrate ) . 
periods t2 and t3 in FIG . 72 is set to VSS ( minimum The counter substrate 35 is also composed of glass , 
potential ) . That is , the potential of the node A before the plastic , or another insulating base material ( insulating sub 
bootstrap operation thereof can be set lower than that in the strate ) . 
above - described other form examples . The transmittance of the substrate differs depending on 

Thus , the bootstrap amount desired for the thin film 30 the kind of the display panel . For example , for a liquid 
transistor P21 can be lowered . As a result , size reduction or crystal display panel , both the substrates need to have high elimination of the complementary capacitor C1 can be transmittance . On the other hand , for a self - luminous dis achieved . This allows the layout area to be decreased play , it is sufficient that high transmittance is ensured for the compared with the shift stages according to the other form substrate on the light beam output side . examples . 

Moreover , in this form example , the L - level potential held In the display panel 31 , a flexible printed circuit ( FPC ) 37 
by the node B ( FIG . 72G ) can also be lowered to VSS . Thus , for input of external signals and drive power is disposed . 
the margin of the leakage time can be widened . ( b ) Form of Mounting in Electronic Apparatus 

The above - described features allow the shift stage accord The above - described display panel is also distributed in a 
ing to this form example to offer a shift stage and a shift 40 form of being mounted in various kinds of electronic appa 
register circuit that are excellent in high - speed operation and ratus . FIG . 74 shows a conceptual configuration example of 
operation stability and have small layout area . electronic apparatus 41. The electronic apparatus 41 

It is also possible to use the configuration of this shift includes a display panel 43 including the above - described 
stage in combination with the configuration of any of the drive circuit , a system controller 45 , and an operation input 
shift stages according to the above - described respective 45 unit 47. The processing executed by the system controller 45 
form examples . differs depending on the commercial product form of the 

electronic apparatus 41. The operation input unit 47 is a 
( C ) Other Form Examples device that accepts operation inputs to the system controller 

45. As the operation input unit 47 , e.g. a mechanical inter 
( C - 1 ) Other Display Panels 50 face such as a switch and a button or a graphic interface is 

The above description of the form examples is premised used . 
on application to an organic EL panel . In particular , the FIG . 75 shows an appearance example of a television 
above description is premised on application to a control line receiver as an example of the electronic apparatus . On the 
driver that transfers a control pulse in the vertical direction . front face of the case of a television receiver 51 , a display 
However , the above - described shift register circuit can be 55 screen 57 composed of a front panel 53 , a filter glass 55 , and 

applied also to a signal line driver that gives the timings of so on is disposed . The display screen 57 corresponds to the 
application of the signal potential Vsig to the signal line display panel 43 of FIG . 74 . 
DTL . Furthermore , e.g. a digital camera is available as this kind 

Furthermore , the drive circuit including the above - de- of electronic apparatus . FIG . 76 shows an appearance 
scribed shift register circuit can be applied also to display 60 example of a digital camera 61. FIG . 76A shows an appear 
panels other than the organic EL panel . ance example of the front - face side ( subject side ) , and FIG . 

For example , the above - described shift register circuit can 76B shows an appearance example of the back - face side 
be applied also to drive circuits in inorganic EL panels , LED ( photographer side ) . 
panels , and other panels . In addition , it can be applied also The digital camera 61 includes a protective cover 63 , an 
to drive circuits in plasma display panels . In addition , it can 65 imaging lens unit 65 , a display screen 67 , a control switch 
be applied also to drive circuits in field emission displays . 69 , and a shutter button 71. The display screen 67 corre 
Moreover , it can be applied also to drive circuits in liquid sponds to the display panel 43 of FIG . 74 . 
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Furthermore , e.g. a video camera is available as this kind a drive transistor configured to supply a drive current to 
of electronic apparatus . FIG . 77 shows an appearance a light emitting element in response to the image signal ; 
example of a video camera 71 . and 

The video camera 71 includes an imaging lens 75 that is an emission control transistor electrically connected to the 
disposed on the front side of a main body 73 and used to drive transistor serially , 
capture an image of a subject , a start / stop switch 77 for wherein the scanning circuit having a plurality of stages , 
imaging , and a display screen 79. The display screen 79 each stage of the plurality of stages including an output 
corresponds to the display panel 43 of FIG . 74 . node that provides a corresponding one of the control 

Furthermore , e.g. a portable terminal device is available pulses to a corresponding one row of the plurality of 
as this kind of electronic apparatus . FIG . 78 shows an 10 pixel circuits , and 
appearance example of a cellular phone 81 as the portable the each stage of the plurality of stages includes : 
terminal device . The cellular phone 81 shown in FIG . 78 is a first transistor having first main electrodes and a first 
a foldable type . FIG . 78A shows an appearance example of gate electrode , the first main electrodes are electrically 
the opened state , and FIG . 78B shows an appearance connected between a first input node and the output 
example of the folded state . node ; 

The cellular phone 81 includes an upper case 83 , a lower a second transistor having second main electrodes and a 
case 85 , a connection ( hinge , in this example ) 87 , a display second gate electrode , the second main electrodes are 
screen 89 , an auxiliary display screen 91 , a picture light 93 , electrically connected between a first potential line and 
and an imaging lens 95. The display screen 89 and the the output node ; 
auxiliary display screen 91 correspond to the display panel 20 a third transistor having third main electrodes and a third 
43 of FIG . 74 . gate electrode , one of the third main electrodes is 

Furthermore , e.g. a computer is available as this kind of electrically connected to the second gate electrode , and 
electronic apparatus . FIG . 79 shows an appearance example the third gate electrode is electrically connected to a 
of a notebook computer 101 . third input node ; 

The notebook computer 101 includes a lower case 103 , a fourth transistor having fourth main electrodes and a 
upper case 105 , a keyboard 107 , and a display screen 109 . fourth gate electrode , one of the fourth main electrodes The display screen 109 corresponds to the display panel 43 is electrically connected to the first potential line , and of FIG . 74 . the fourth gate electrode is electrically connected to the Besides the above - described devices , an audio reproduc second gate electrode ; tion device , a game machine , an electronic book , an elec a fifth transistor having fifth main electrodes and a fifth tronic dictionary , and so on are available as the electronic gate electrode , one of the fifth main electrodes is apparatus . 
( C - 3 ) Application to Devices Other than Drive Circuit in electrically connected to the second gate electrode , and 
Display Panel the fifth gate electrode is electrically connected to the 

In the above description , the shift register circuit is first gate electrode ; and 
applied to a drive circuit that transfers a control pulse in the 35 a sixth transistor having sixth main electrodes and a sixth 
vertical direction of the display panel . gate electrode , one of the sixth main electrodes is 

However , this shift register circuit can be applied also to electrically connected to the first gate electrode , and the 
transferring of the control pulse in the horizontal direction . sixth gate electrode is electrically connected to the third 
Furthermore , it can be applied to all of the shift register input node . 
circuits used on a display panel . In addition , the shift register 40 2. The display device according to claim 1 , further com 
circuit is a basic circuit having high versatility and therefore prising a second capacitor electrically connected between 
can be applied to all of semiconductor devices including a the first potential line and the second gate electrode . 
shift regist circuit . 3. The display device according to claim 2 , further com The present application contains subject matter related to prising a third capacitor electrically connected between the 
that disclosed in Japanese Priority Patent Application JP 45 first gate electrode and the output node . 
2008-096716 filed in the Japan Patent Office on Apr. 3 , 4. The display device according to claim 1 , wherein a first 2008 , the entire contents of which is hereby incorporated by ratio of a first channel width to a first channel length of the reference . fifth transistor is equal to or larger than a second ratio of a ( C - 4 ) Others 

Various modifications might be incorporated into the second channel width to a second channel length of the third 
50 transistor . above - described form examples without departing from the 

of the present invention . In addition , various modifi 5. The display device according to claim 4 , wherein the scope 
cations and applications that are created or combined based first ratio of the first channel width to the first channel length 
on the description of the present specification are also of the fifth transistor is larger than the ratio of the second 
possible . channel width to the second channel length of the third 

55 transistor . 
What is claimed is : 6. The display device according to claim 1 , wherein the 
1. A display device comprising : fifth gate electrode is formed on only one side of a channel 
a plurality of pixel circuits formed on a substrate ; and layer thereof , and the third gate electrode is formed on both 
a scanning circuit formed on the substrate and configured sides of the channel layer thereof . 

to selectively output control pulses to the plurality of 60 7. The display device according to claim 1 , wherein a first 
pixel circuits , source - shield length of the fifth transistor is smaller than a 

wherein each pixel circuit of the plurality of pixel circuits second source - shield length of the third transistor . 
includes : 8. The display device according to claim 1 , 

a first capacitor ; wherein the first input node is configured to receive a first 
a sampling transistor configured to write an image signal 65 timing signal , and 

to the first capacitor in response to a corresponding one wherein the third input node is configured to receive a 
of the control pulses ; third timing signal . 
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9. The display device according to claim 1 , electrically connected to the second gate electrode , and 
wherein the first potential line is configured to supply a the fifth gate electrode is electrically connected to the 

higher potential than a second potential line . first gate electrode ; and 
10. The display device according to claim 1 , wherein the a sixth transistor having sixth main electrodes and a sixth 

scanning circuit is a same - conductivity - type channel circuit . 5 gate electrode , one of the sixth main electrodes is 
11. An electronic apparatus comprising : electrically connected to the first gate electrode , and the a display device including sixth gate electrode is electrically connected to the third a plurality of pixel circuits formed on a substrate ; and input node . 
a scanning circuit formed on the substrate and configured 12. The electronic apparatus according to claim 11 , to selectively output control pulses to the plurality of 10 wherein the display device further includes a second capaci pixel circuits , wherein each pixel circuit of the plurality tor electrically connected between the first potential line and of pixel circuits includes : the second gate electrode . a first capacitor ; 
a sampling transistor configured to write an image signal 13. The electronic apparatus according to claim 12 , 

to the first capacitor in response to a corresponding one is wherein the display device further includes a third capacitor 
of the control pulses ; electrically connected between the first gate electrode and 

a drive transistor configured to supply a drive current to the output node . 
a light emitting element in response to the image signal ; 14. The electronic apparatus according to claim 11 , 
and wherein a first ratio of a first channel width to a first channel 

an emission control transistor electrically connected to the 20 length of the fifth transistor is equal to or larger than a 
drive transistor serially , second ratio of a second channel width to a second channel 

wherein the scanning circuit having a plurality of stages , length of the third transistor . 
each stage of the plurality of stages including an output 15. The electronic apparatus according to claim 14 , 

wherein the first ratio of the first channel width to the first node that provides a corresponding one of the control 
pulses to a corresponding one row of the plurality of 25 channel length of the fifth transistor is larger than the ratio 
pixel circuits , and of the second channel width to the second channel length of 

the third transistor . the each stage of the plurality of stages includes : 
a first transistor having first main electrodes and a first 16. The electronic apparatus according to claim 11 , 

gate electrode , the first main electrodes are electrically wherein the fifth gate electrode is formed on only one side 
connected between a first input node and the output 30 of a channel layer thereof , and the third gate electrode is 
node ; formed on both sides of the channel layer thereof . 

a second transistor having second main electrodes and a 17. The electronic apparatus according to claim 11 , 
second gate ele de , the second main electrodes are wherein a first source - shield length of the fifth transistor is 
electrically connected between a first potential line and smaller than a second source - shield length of the third 

transistor . the output node ; 
a third transistor having third main electrodes and a third 18. The electronic apparatus according to claim 11 , 

gate electrode , one of the third main electrodes is wherein the first input node is configured to receive a first 
electrically connected to the second gate electrode , and timing signal , and 
the third gate electrode is electrically connected to a wherein the third input node is configured to receive a 
third input node ; third timing signal . 

a fourth transistor having fourth main electrodes and a 19. The electronic apparatus according to claim 11 , 
fourth gate electrode , one of the fourth main electrodes wherein the first potential line is configured to supply a 
is electrically connected to the first potential line , and higher potential than a second potential line . 
the fourth gate electrode is electrically connected to the 20. The electronic apparatus according to claim 11 , 
second gate electrode ; wherein the scanning circuit is a same- conductivity - type 

channel circuit . a fifth transistor having fifth main electrodes and a fifth 
gate electrode , one of the fifth main electrodes is 
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